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PREFACE. 



It is well known that common works on Arithmetic abound 
with curious and abstruse questions more perplexing than ben- 
eficial, but if partially explained serve as an inducement rath- 
er than an obstacle to the study so solitary in its character. 

These questions the inquisitive and ingenious student is 
anxious to solve, and after puzzling a while, applies to the 
^ teacher for assistance. 

^ To teachers, these applications are necessarily too great 
^ a tax on their time, especially when having a large number of 

pupils under their care. 
^ Besides, in the hurry of business, it is often very difficult 
\ for persons of good retentive abilities, that have attained to 
V. the knowledge of Mathematics, not to be expected of our pri- 
'^ mary school teachers, to recollect, at the moment, all the prin- 
ciples by which are solved some of the difficult questions that 
may be taken from any of the many works on arithmetic ; the 
judgment of some to the contrary notwithstanding. 

Even the Professor in College, who is confined to one oi* 
two branches, on which his powers are concentrated, makes 
free use of his translations, and if these are useftil to him, cer- 
tainly similar helps ought not to be denied the common teach- 
er, who has several branches to look after. 

And the various studies taught in our common schools 
with the difficulties that teachers labor under, forbid the idea 
of illustrating the principles of intricate questions, with- 
out being partial in the application of time or ener- 
gies — And pupils by not being thus furnished, lose the 
knowledge of Mathematical principles they should have 
for assistance through life, and never obtain what they might 
have for a convenience. 
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Sometimes also, questions are found in works containing 
no rule or precedent for solving them. 

Likewise, difficult questions are much used by tciseacres and 
the ill-disposed to annoy teachers and injure schools by en- 
gaging the attention of the teacher which might be devoted, 
at particular times, to more useful purposes. 

Hence, whatever tends to promote the usefulness of the in- 
structor, must commend itself to all. 

Also, it is believed that every judicious attempt to facilitate the 
study of a science so essential to the interests of all, will be 
received with indulgence by an enlightened community, and 
meet the entire approbation of a generous public. 

When considering the preceding facts, and in order to give 
advanced scholars the privilege of extending their knowledge 
to a full development of the elementary principles in the high- 
er operations of Arithmetic; also with the view of enabling teach- 
ers to lay demonstrations of the dogmatical rules, and an ex- 
planation of the abstruse matter before their class studying 
this science, I composed this Desideratum. 

It is presumed that it would be studied to good advantage, 
in connexion with other works on Arithmetic, by the Teach- 
ers' class in Academies, 

Particular attention has been paid to render it concise 
and free from those mistakes which are commonly to be met 
with in our various text-books on Arithmetic, Therefore, it 
is hoped that if the tongue of the captious caviler should bla- 
zon defects, for which others might search in vain, that the eye 
of the candid critic will not see objections in it which reason 
and truth would long hesitate to approve. 

It is not presumed however, that it is without imperfections, 
the same at least as may always be met with in any and all 
the works of man. In this production, although availed of 
the best Authors which could be obtained, I followed none 
particularly, except Bonnycastle's method .of demonstration. 
And every item deemed intricate, rare, useful, and interesting, 
occupies its proper place in this work, and matter considered 
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of a superfluous and, common nature was carefully excluded. 

Since the utility of a work like thepresent, if faithfully pre- 
pared, is so obvious as to require no comment, its author so- 
licits the candid consideration of the public in presenting it, 
with full confidence that it will serve to lessen the labor of in- 
structors and facilitate the improvement of their pupils. 

The Author. 

N. PoumalCMe.) A, D, 1842. 



This treatise may be considered, as an Appendix to the works of the 
following authors on Arithmetic, and as containing precedents for the 
solution of their difficult questions, viz. : Messrs. Welch, Walsh, 
Smith, Pike, Beecher, Kenne, Hall, Daboll, Leayitt, Colburv, 
Robinson, Bctrnham, Rose, Adams, Staniford, Olnet, Leonard, 
Root, Emerson, Bailey, Tracy, Dayies, BofTNEYCASTLE, Tyler, 
and Greenleaf. C. W. 



TE AC HER'S 



AND 



ADVANCED SCHOLAR'S 

" t / 

ARITHMETIC, 



ARITHMETICAL DEVELOPMENTS. 

I. Arithmetic is the Scienc:b and Art for comprehending 
Multitude, and also Magnitude, in some degree. 

Its theory is a Science. Its application to. business, is an 
Art. 

The theory adiniits of but three fundiunenta] divisions, viz.: 
Numeration, Addition, and Subtraction; 

MuiiTiPLicATioN and Division are short methods of per- 
forming many additions and subtractions: consequently, 
ndt fundamental principles, but rules that emanate from, and 
are attributes of Addition and Subtraction. 



IL NUMERATION. 

The x^haract€rrs used to express numbers, are called Ji^Mre5, 
and have two values, viz.: simple and local.* 

A figure standing alone, or at. the right hand of other 
figures, means as many units as practice has made it to re- 
present : therefore, its value is cahed simple^ and any figure 
otherwise situated, has a local value. ) 

Numerating from right to left is merely arbitrary. 

Numerating from left to right, except for convenience, is 
just as proper. 

Every left-hand place, in numerating from right to lefl, is as 
many times larger than its right-hand place as tl)e ratio used 
in such numeration implies. 

The custom of using the ten-fold ratio in arithmetical com- 

^^ JjOdd is from the -Latin word locut, which meaiui ptacef of value according 
to the plaM occupied. 
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ARITHMETICAL DEVELOPMENTS. 



putations, thoagh the most convenient of any, is entirely ar- 
bitrary, as any ratio might be adopted, by giving it a corres- 
ponding number of characters, one of' which should be a 
cipher, or two of the different characters would express the 
some value, and thereby cause confusion. 

The ten-fold ratio being adopted, it follows that eyery right- 
band place is but'one<«tenth the value of its left*handplace, oa tn- 
Jinitum* without any respect to the point used to separate de- 
cimals from whole numbers r consequently, the adoption of the 
separatrix, was only for distinguistiing the starting point of 
decimals, or whole numbers. 

Figures are divided into periods of six places each, and 
the first part of any period, is so many units of it, and the 
latter part so many thousands. 

NUMERATION TABLE. 

Hand, of Thou. ofTredecUlions. 
Tens of "of " . 

. - . « of « 

Hand, of - - " 

Tens of - . - «« 

- -• - - •* 

Hund. of Thou, of Diiodeclliion*. 
Tens of " of " 

«« of " 

Hund. ol . - • ** 
Tensof - -- -' " 

_ _ _ »c . 

Hand ijf Thou, of UndeeUlioni. 
Tens of " of " 

- ■• - " of " 
Hund. of - - ** 
Tens of . - . « 

- _ _ - ** 

Hund. of Thou, of DeciUiom. 
Tens of « of " 

" of « 

Hund. of - - " 
Tens of . . - «« 

Hund. of Thou, of NonilUons. 
Tens of " of <* 

- " of " 
Hund. of - - « 
Tens of. - - - " 

H)ind. of Thou, of Octillionr. 
Tens of " of . »* 

- - « of « 
Hund. of - " 
Tens of - - - " 

_ - - " 

Hund. of Thou, of Septillioni. 
Tens of « of " 

- « of " . 

Hund, of - - " 

Tens of- - - - " ^ 

« 



00 


. Hund. of Thou, of Sextillions. 


<9 . . 


Off ' 


. Tens of " of - " 


« -^ 


i» ; 


. - - ^* of " 


-® . . 


«o . 


. Hund. of - - " 


00 . . 


«0 . 


. Tens of - - - " 


» '. . 




. - . - -^ - "' 




to . 


. Hand, of Thou, of (2ui&tilIlon». 


•J ^ , 


«o , 


. Tens of " of ' " 


*i , , 


:p . 


. - - « of " 


J^ . . 


GD , 


. Hund. of - - " . 


o» , . 


oo ^ 


. Tens of - - -. « 


O) . . 


oo * 


- . - - " . 


OS . . 


•J 


. Hund of Thou, of auartrillioiui. 


en . . 


•»I 


. Tens of " of - « 


Cfl. . . 


*J 


. - - « of " 


i" • • 


o» 1 


. Hund. of - - " 


V . . 


o» ] 


. Tensof - - -- " 


•«>. . . 




. - . - . - " 


J^ • • 


Oi , 


. Hund. of Thou, of TrUlions. 


CO . . 


Vt , 


, Tensof « of *♦ ' 


CO . . 


y ! 


. - « of *f 


S^.- • 


*. , 


. Hand, of ^ - « 
. Tensof - - - " 


lO . . 


•Ik. 


Id'. . 


1^ * 




to . . 


C9 . 


. Hund, of Thou, of BiHions. 


*•• 


CO 


. Tens of " of " 


to < . 


«w '. 


. - - " of " 


}0 . . 


*o . 


. Hund. of - - " 


CO • . 


io . 


. Tens of - - - » 


CO • . 


i? • 


- - - - ** 


CO • . 


"io . 


, Hund. of Thou, of Millions. 


1^ • < 


vo . 


. Tens of "of * " 


li^ • • 


-» . 


" of - « 


1^ • • 


Cd • 


. Hund. of - - - " 




C9 • 


• Tens of - - - " 


w • • 


CO • 


• - - - ** 


Vt * . 


tlk • 


. Hundreds of Thousands. 


OS • • 


•^ * 


. Tens of Thousands. 


o» • • 


•^ • 


. Thousands* 


o> • • 




. Hundreds. 


«4 • • 


V* * 


. Tens. 


*J • • 


w • 


. Units. 


*J • • 



* Ad Infinitum is a Latin word, which signifies to endUtt extent. 
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III. ADDITION. 



DEMONSTRATION OF THE RULE. 

This rule is founded on the known axiom — ** The whoh is 
equal to the sum of all its parts" It has been shown that 
Numeration reduces every number to a certain number of 
places or orders, each of which is tenfold less in value than 
its preceding place : consequently, one is carried for every ten, 
in Addition, because common consent adopts the tenfold ratio 
in Arithmetical computations. 

To illustrate the pre- 
ceding axiom, with 
perspicuity, let the 
numbers, 437, 258, 
345, and 653, be de- 
composed, and their 
several parts be ad- | 
ded,as in the margin. 

Explanation. — Here it will be seen that the column of 
units amounts to 23 units. The column of tens amounts to 
170 units, or 17 tens. The column of hundreds amounts to 
1500 units, 150 tens, or 15 hundreds. 

But to save the trouble of setting down and adding up so 
many separate amounts, a way has been contrived of carrying 
the left hand figure immediately, and uniting it with the next 
column ; from which the Rule is derived. 



Operation. 




The first is 400 - 


h 30 H 


h 7 z= 437 


The second is 200 - 


- 50 - 


- 8 = 258 


The third is 300 - 


- 40 - 


. 5 z= 345 


The fourth is 600 - 


- 50 - 


^- 3 ~ 653 



The whole is 1500 +170 +23 =1693 



TO PROVE ADDITION. 



Rule. — Set the excess of nines in each row 
of figures to the right of its row, and if the excess 
of nines in the sums result, and the column made 
by setting out the several excesses, are alike, the 
work is right. 



Example. 



9876 
8765 
7654 



26295 



3 

8 



6 



Remark. — The figure 9 has a peculiar property, which, 
except 3, belongs to no other figure whatever, viz : that any 
number divided by 9 will leave the same remainder as the sum of 
its figures divided by 9. 

Note 1. — Compound Addition differs from Simple Addi- 
tion only in the succession of its orders : consequently, to the 
ingenious mind, its demonstration seems to be unnecessary. 

Note 2. — Multiplication being in substance Addition, the 
remarks just made respecting Compound Addition are appli- 
cable to Compound Multiplication. 



(10) 
IV. SUBTRACTION. 



DEMONSTRATION OF THE RULE. 

1. When all the places of the least number are less than 
their correspondent places in the larger, the difference of the 
figures in the several like places, must, taken together, make 
the true difference sought; because, "as the sum of the parts 
is equal to the whole/* so is **the sum of the differences, of all the 
similar parts, equal to the differences of the whole." 

2. Borrowing from a preceding place to increase an up- 
per place when its correspondent lower place is largest, is 
only resolving the upper number into such parts, as are^ 
each, greater than, or equal to, the similar parts of the less 
number. 



Operation. 
7OOOO-f6OOO+2OO+5O+4=70264 
20000-|-8000+700-f-80-f6=28786 



Example. From 76254 
take 28786. 

Let the numbers be 
decomposed and arrang- 
ed as in the margin. 40000+7000+400+604-8=47468 
Explanation.— Here I begin at the right hand, and finding that 
I cannot take 6 from 4, 1 borrow 10 from 50, and add it to 4, 
which makes 14. From this I take 6 and set down 8. As 10 is 
borrowed from 50, there is 40 left. I cannot take 80 from 40; I 
therefore borrow 100 from 200, and add it to 40, making 140 ; 
from which I take 80, and set down 60 ; and so on through 
the whole. 

In borrowing to add to an upper figure, or place, instead of 
considering the next upper figure, or place, diminished, it has 
been found most convenient to increase the next lower figure, 
or place, which brings the result just the same. 

Oft this principle was founded the Rule for Subtraction. 

TO PROVE SUBTRACTION. 



Rule. 1. — Having subtracted 
the minuend, and place the ex- 
cess at the right hand. 

2. Cast out the nines from 
the subtrahend and remainder, 
and add their excesses together ; 
and if the work is right, the ex- 
cess of 9s in their sum will be 
the same as the excess of Os in 
the minuend. 



as usual, cast out the 9s from 

Example. 
From 46875 subtract 34789. 

Operation. 
46875 - - - 3, excess. 

34789 4, 

} excesses. 
12086 8 



;} 



12, sum. 



3f excess. 



MULTIPLICATION. II 

Remark. — As the subtrahend and remainder form a sum in 
Addition, of which the minuend is the amount, the reason of 
the proof is obvious. 

Note 1. — Compound Subtraction differs from Simple Sub- 
traction only in the succession of its orders : consequently, its 
demonstration seems to be unnecessary. 

Note 2. — Division being in substance Subtraction, the re- 
marks just made respecting Compound Subtraction are appli- 
cable to Compound Division. 



V. MULTIPUCATION. 



DEMONSTRATION OF THE RULE. 



1. When the multiplier is a single digit, it is plain that vte 
find the product ; for by multiplying every part of the multi- 
plicand, it is evident we multiply the whole ; and in writing 
down the products, which are less than ten, or the excess of 
tens, under the place of the figures multiplied, and carrying the 
tens to the product of the next place, is only gathering together 
the similar parts of the respective products, and is therefore the 
same in effect, as though we wrote down the multiplicand as 
often as the multiplier expresses, and added them together ; 
for the sum of every column is the product of the figures in the 
place of that column and the products, collected together are 
evidently equal to the whole required product. 

2. When the multiplier consists of several figures, we find 
the product of the multiplicand by the unit figure, and then 
suppose the multiplier divided into parts, and, afi;er the same 
manner, find the product of the multiplicand by the second 
figure of the multiplier ; but, as the figure by which we are 
multiplying, stands in the place of tens, the product must be 
ten times its simple value ; and, therefore, the first figure in 
this product, must be noted in the place of tens, or, which is 
the same, directly under the figure we are multiplying by. 
And proceeding in the same manner with all the figures in the 
multiplier, separately, it is evident we shall multiply all the 
parts of the multiplicand by all the parts of the multiplier ; 
therefore, these several products being added together, will be 
equal to the whole required product. 

3. The reason of the method of proof, depends upon this 
proposition^ that if two numbers are to be muUipikd together, 
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either of them may he made the multiplier or multiplicand, and 
the product will he the same. 

Example. — In order to illustrate the demonstration, let 
568 be multiplied by 476. 

These numbers may be decomposed and multij^ied thus : — 

OPERATION. 

Multiplicand, 500 + 60 4- 8 = 568 
Multiplier, 400 -|- 70 -f 6 = 476 



3000 + 360 -f 48 = 3408 
3500+ 4200 4- 560 = 3976 

200000+24000+ 3200 = 2272 

200000+59000+10400 + 920 + 48 = 270368 

EXPLANATION. 

You see, in the above process, we multiplied through, first 
by 6 units, then through by 7 tens, or 70, and then by 4 
hundreds, or 400, placing the several products underneath, 
and adding them up. 

Lastly, the sums of these products are added, making 
270368, the total product. 

The preceding shews, that the multiplicand is taken as 
many times as there are units in the multiplier. 

On this principle, wa^ founded the Rule of Multiplication. 

Remark. — Multiplication may be proved by casting out 
the 9s ; but is liable to this inconvenience, viz. : The work 
will always prove right when it is so ; but it will not always he 
right when it proves so. 

m 

BRIEF METHODS OF MULTIPLYING. 

1. When the multiplier is any number of 9s. 

Rule. — To the right of the multiplicand write as many Os 
as there are 9s in the multiplier — under this new multipli- 
cand write the given one, units, &c. under units, &c. — then 
subtract, and this difference is just the same as if the gener- 
al method had been pursued. 

Operation. 

Example. — Multiply 987654 by 999. < 987654 
Their product is : - - . 986666346 



MULTIPLICATION. 
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Reason. If a number be multiplied by 9, the product is but 
nine-tenths of the product of the same sum, multiplied by 10 ; 
and, as annexing a cypher, to the right hand of the multipli- 
cand, supposes it to be -increased tenfold ; therefore, subtract- 
ing the given multiplicand from the tenfold multiplicand, it.is 
evident that the remainder will be ninefold the given multipli^ 
cand,and equal to the product of the same by 9 ; this will hold 
true of any number of nines,, and this principle may be extend- 
ed to other numbers. 

2. When the Multiplier is 13, 14, 6lc. to 19. 

Rule. — ^Place the multiplier at the right of the multipli- 



cand, with the sign of multiplication between 
them, — ^multiply the multiplicand by the unit fig- 
ure of the multiplier, removing- the product one 
place to the right of the multiplicand ; this pro- 
duct and the multiplicand make the total product. 



Example, 
76964X13 
227892 



987532 



3. When the multiplier is 101, 102, 6lc. to 109. 

Rule. Multiply by the unit figure of the multiplier, re- 
move the product two places to the right of the multiplicand — 
add together as before for the product 

4. When the multiplier is 111, 112, 113, 6lc. to 119. 
Rule. Multiply by the unit figure only of the multiplier, 



and add to each multiplication the two fig^ 
ures, which stand next at the right hand of 
that which is multiplied, and to the two last 
figures, separately , add what you carry. 



Example. 

9417 

119 



1120623 



5. When the multiplier t5 21, 31, d6C. ^o 91. 

Rule. — Multiply by the ten's figure, only, of the multipli- 
er ; and set the unit figure of the product under the place of 
tens ; add them all together, and their sum is the total product. 

6. When the multiplier t5 22, 23, &rC. ^o 29. 
Rule. — Multiply every figure of the multiplicand by the 

Example. 
7657 
29 



unit figure of the multiplier, and add to each pro- 
duct twice that figure which stands next at the 
right hand of the figure, you multiplied ; and to 
twice the last figure add what you carry. 



222053 



121X21=441 
22X22=484 
23X23=529 



A TABLE OF SQUARES. 

24X24=576 
25X25=625 
26X26=676 



27X27=729 
28X28=784 
29X29=841 



14 
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A MULTIPLICATION TABLE. 



4 
5 
6 


13 
52 
65 

78 


14 
56 
70 

84 


15 
60 
75 
90 


16 
64 
80 
96 


17 

68 

85 

102 


18 

72 

90 

108 


19 


76 


95 


114 


7 


91 


98 


105 


112 


119 


126 


133 


8 
9 


104 
117 


112 
126 


120 
135 


128 
144 


136 
153 


144 
162 


152 


171 


11 


143 


154 


165 


176 


187 


198 


209 


12 


156 


168 


180 


192 


204 


216 


228 


13 


169 


182 


195 


208 


221 


234 


247 


14 


182 


196 


210 


224 


238 


252 


266 


15 


195 


210 


225 


240 


255 


270 


285 


16 


208 


224 


240 


256 


272 


288 


304 


17 


221 


238 


255 


272 


289 


306 


323 


18 
19 


234 
247 


252 
266 


270 

285 


288 
304 


306 
323 


324 
342 


342 


361 



VI. DIVISION. 



DEMONSTRATION OF THE RULE. 



According^ to the rule, we resolve the dividend into parts, 
and find, by trial, the number of times the divisor is contain- 
ed in each of those parts : consequently, to illustrate, let 8686, 
divided by;;43,*be separated and arranged as follows : 



OPERATION. 



Divisor. 



Dividend. 



duotient. 



40+3 ) 8000+600+80+6 1 200-f2=202,true quotient. 
8000+600 

80+6 

80+6 
Explanation.— I find first, that, 40 is contained in 8000, 
200; then I multiply the whole divisor, (40+3) by 200, 
trhich makes 8000+600. These I put under the first two 
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terms of the dividend, and subtract, and nothing remains. 

I then bring down the other two terms and proceed in the 
same manner. 

Here it will be seen that the first quotient figure, taken in its 
complete value from the place it stands in, is the true quotient 
of the divisor, in the complete value of the first part of the div- 
idend. 

For the same reason all the rest of the figures of the quo- 
tient, taken according to their places, are, each, the true quo- 
tient of the divisOT, in the complete value of the several parts 
of the dividend belonging to each : consequently, all the quo- 
tient figures, taken in order, is the true quotient of the whole 
dividend by the divisor. 

Note. — ^Division being the converse of Multiplication, the 
same difficulty attending the proving of Multiplication, "by 
casting oat the nines," is also liable to Division^ 



TO PROVE DIVISION. 



Rule. — Add the remainder and all 
the products of the several quotient 
fibres multiplied by the divisor to- 
gether, according to the order in which 
they stand in the work, and the sum, 
with the remainder, if any, when the 
work is rights will be equal to the 
dividend. 



Example. 
79)987654(12501 
79=Divi8orXl 



197 
158: 



<( 



xa 



396 

395= " X5 



154 
79=" 



XI 



75= Rem. 



987654, Proof. 



Vn. PROPERTIES OF NUMBERS. 

1. The product of an even, and an odd number, or of two 
even numbers, is even. 

2. The product of any two odd numbers is an odd number. 

3. If an odd number measure an even number, it will also 
measure the half of it. 

4. The difference between an integral cube and its root, is 
always divisible by 6, 
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5. The product arising from two different prime numbers 
cannot be a square. 

6. A prime number is that which can only be measured by 
unity. 

7. The product of no two different numbers, prime to each 
other, can make a square, unless each of those numbers be a 
square. 

8. Erery prime number above 2, is either 1 greater or 1 
less than some multiple of 4. 

9. Every prime number above 3, is either one greater or 1 
less than some multiple of 6. 

10. The number of prime numbers is unlimited. The first 
ten are, 1, 2, 3, 6, 7, 11, 13, 17, 19, 23. 

11. One number is prime to another, when'unity is the on- 
ly number by which both can be measured. 

12. If equal quantities be added to, subtracted from, multi- 
plied or divided by equal quantities, the wholes, remainders^ 
products and quotients will be respectively equal. 

13. Two quantities respectively equal to a third, are equal 
to each other. 

14. The equal powers or roots of equal quantities are 
equal. 

15. Aperfect number is equal to the sum of .all its aliquot 
parts. Thus, 6=3X2X1) here 3,2 or 1, or all, will divide 6. 



Vm. TABLES OF WEIGHTS AND MEASURES, 

TROT WEIGHT. 



Grains. 
Pennyweight , 1= 24 
Ounce, 1= 20= 480 
Pound, lz=:12z=240=6760 



APOTBECARIES' WEIGHT. 

Grains, 
Scruple, 1= 20 
Dram, 1= 3= 60 
Ounce, 1= 8= 24= 480 
Pound,l=12=96=288=6760 



Note. — 176 oz. Troy is 192 oz. Avoirdupois. 

refiners' weight. 

Blanks, 
Perrot, 1= 20 
Mite, 1= 20= 480 
Grain, 1=20=400=9600 
jNoTK.— The Carat is a 24th part of gold or silver. 
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PLANETARY MOTION, 

Seconds. 

Minute, 1= 60 

Degree, 1= 60= 3600 

Sign, 1= 30= 1800= 108000 

Zodiac, = 12=360=21600= 1296000 

AVOIRDUPOIS WEIGHT. 

Drams. 

Ounce, 1=: 16 

Pound, 1= 16= 258 

Quarter, 1= 28= 448= 7168 

Hundred, 1= 4= 112= 1792= 28672 

Ton, 1=20=80=2240=35840=573440 

TIME. 

Seconds. 

Minute, 1= 60 

Hour, 1= 60= 3600 

Day, 1= 24= 1440= 86400 

Week,l= 7= 168= 10080= 604800 

Month, 1=4=28= 672= 40320= 2419200 

Julian Y'r,l=52w.ld.^h.=365i=8766=525960=31557600 

Periodical Y'r,l=14is. 9m. 365^=8766=525969=31558154 

Tropical Y'r,l=57s. 48m. 365^=8765=525948=31556937 

Note. — ^The twelve calendar months has each, the following 
number of days, viz. 

The fourth, eleventh, ninth and sixth 
Have thirty days to each affixed ; 
All the rest have thirty-one, 
Except the second month alone. 
Which hath twenty-eight, in fine. 
Till leap-year gives it twenty-nine. 

LONO MEASURE. 

Barley Corns. 

Inch, 1= 3 

Foot, 1= 12= 36 

Yard,l= 3= 36= 108 

Rod, 1= 5^= 16^= 198= 594 

Furlong, 1= 40= 220= 660= 7920= 23760 

Mile, 1=8=320=1760=5280=63360=190080 

Note. — 7-^in. is 1 link ; 25 link^i is 1 Rod. 
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SQUARE MEASURE. 

Inches. 

Foot, 1= 144 

Yard, 1= 9= 1296 

Rod, 1= 30i= 272i= 39204 

Rood, 1=. 40z= 1210= 10890= 1568160 

Acre, 1= 4= 160= 4840= 43560= 6272640 

Mile, ]==640s;2S60=102400=:3097600r=:27878400=4014489600 



SOLID MEASURE. 

Note 1 . — 16 cubic feet is 1 foot of 
wood, and 8 ft. of wood is 1 cord. 



Inches. 
Foot, 1= 1728 
Yard, 1=27=46656 

Note 2. — All carpenters in the United States, allow 40 
cubic feet of hewn timber to make a ton ; consequently, 50 
cubic feet of round timber is a ton ; yet in every Arithmetic 
we find it thus : 50 cubic feet of hewn, &c. make a ton. 

This error, without doubt, was originally, a typographical 
one, but faithfully copied by every subsequent author ; and 
I hardly know which to wonder, at the most, — why the same 
error should pass uncorrected through so many able hands, or 
that the copiers should blunder so prodigiously over one an- 
other. 

WINE MEASURE. 

Cubic Inches. 
Pint, 1= 28J 
Quart, 1= 2= 57| 
Gallon, 1= 4= 8= 231 
Tierce, 1= 42=168= 336= 9702 
Hogshead, 1=1^= 63=252= 504=14553 
Puncheon, 1=1^=2= 84=336= 672=19404 
Pipe, 1=1^=2=3=126=504=1008=29106 
Tun, 1=2=3=4=6=252=1008=2016=58212 

DRY MEASURE. 

Gallons. Cubic Inches. 
Peck, 1= 2= 537f 
Bushel, 1= 4= 8= 2l50f 
Quarter, 1= 8= 32= 64= 17203^ 
Wey, 1=40=160=320= 86016 
Last, 1=80=320=640=172032 
Note 1.— A Chaldron, (U. S.)=32 bushels. 
Note 2. — A gallon dry measure is 268^ cubic inches. 
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ALE MEASURE. 



Gallons. 

Firkin, 1—8 

Kilderkin, 1=2=16 

Barrels, 1=2=4=32 

Hogshead, 1=1|}^=3=6=48 

Note. — A gallon, beer or ale measure, is 282 cubic inches. 



BEER MEASURE. 

Gallons. 
9= 1 Firkin. 

18= 2=1 Kilderkin. 

36= 4=2=1 Barrel. 

64= 6=3=1^=1 Hhd. 

72= 8=4=2=1 Punch'n. 
108=12=6=3=2=1 Butt. 



IX. PROBLEMS, 

WITH RULES, AND QUESTIONS TO ILLUSTRATE THE RULES. 

PEFINITION. 

A Problem is a proposition or a question requiring some- 
thing to be done ; either to investigate some truth or proper- 
ty, or to perform some operation. 

Pros. I. — The sum of two numbers, and the difference of 
their squares given, to find those numbers. 

Rule 1. — ^Divide the difference of their squares by the sum 
of the numbers, and the quotient will be their difference. 

2. Subtract the difference from the sum, and half the re- 
mainder will be the smaller number. Then add the difference 
to the smaller number and you have the larger number. 

EXAMPLES. 

1. A and B played at marbles, having 14 apiece at first; 
but after playing several games, B having lost some of his, 
would not play any longer, and it was found that the differ- 
ence of the squares of what each then had was 336. How 
many did B lose ? 

Thus, 14+14)336(12 diff; 14=half sum, and 12—2=6, 
halfdiff. 

Then 14+6=20, A retired with. And 14—6=8 B had 
lefl ; then, 14 — 8=6 marbles that B lost. 

2. What are the two fractions whose sum is ^, and whose 
difference is f ? Questions of this nature are solved by the lat- 
ter clause of the preceding Rule. Thus ^ — l^:=|f J, then 
I II ' l=lf^> Jess fraction, and ff^+f =i:|f|, greater fraction. 

Prob. II. Jlie difference of two numbers, and the difference 
of their squares given, to find those numbers. 
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Rule. — ^Divide the difference of their squares by the differ- 
ence of their numbers, and the quotient will be their sum. 
You then hare their sum and difference to proceed by Prob. I. 

EXAMPLE. 

Said Ai to Lorenzo, Father gave me $12 more than he 
gave Charles, and the difference of the squares of our separ- 
ate parcels is 288. How much did he give each. ? 

Thus, 288-i-12=:24, the sum ; then 24—12-^2=6 ; then 
12-|-6=$I8, Ai's share; 12— 6=$6, Charles had given him. 

Prob. IIL — The product of three f<ictors, and two of those 
factors given, to find the third factor. 

Rule. — Divide the given product by the product of the two 
known factors, and the quotient is the factor required. 

EXAMPLES. 

1. What must be the length of a stick of hewn timber that 
is 10 inches wide, and 1 fl. 3 in. deep, in order to contain 1 
ton? 

First, consider 1 ton the product of 3 factors. Then, 
40 cubic feet^l ton=69120 in. ; and 10 in.Xl ft. 3in.=150 
in. Then, 69120~-150 ~-12=38f feet in length, Ans. 

2. Suppose wood to be piled on a base 15 ft. 6 in. long, and 
7 ft. 9 in. wide, what must be the height of the pile to con- 
tain 16 cords ? 

First, 16 cords=2048 solid feet, the product of 3 factors ; 
and 15 feet 6. in. X 7ft. 9in.=120ift., the product of the 2 
given factors. Then 2048-^.120i=17,048907+ft. in height, 
the required factor. 

Prob. IV. — To find a divisor that will divide two or more 
numbers without a remainder. 

Rule 1. — Divide the larger number by the smaller, and 
this divisor by the remainder, and thus continue dividing the 
last divisor by the last remainder till nothing remains, and the 
last divisor is the divisor sought, if only two numbers are giv- 
en : — 

2. But if more than two numbers are given, first find a di- 
visor for any two of the numbers ; then find a divisor to the 
found divisor and another of the given numbers, and thus pro- 
ceed till all the given numbers are brought in, and the last 
divisor used is the divisor sought. 
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EXAMPLES. 

1. Suppose a hall to be 154 feet long and 55 feet wide, what 
is the length of the longest pole that will exactly measure both 
the length and width of said hall 1 

Thus, 154-r-55=2,+44 rem.; then 55-7-44=1, -j-ll rem.; 
again, 44-7-11=4; consequently, a 11 foot pole will be the 
answer. 

2. A owns 720, B 336, and C 1736 rods of land. They 
agree to divide it into equal house lots, fixing on the greatest 
number of rods for a lot, that will allow each owner to lay 
out all his land. How many rods must there be in a lot, how 
many lots has each, and how many lots in all ? 

First. 
336)720(2 
672 



Then, 48)1736(3 
1728 



8 



48)336(7 Last divisor, 8)48(6 
Therefore 8 rods in each lot^ 



720 
336 
1736 



Lastly. 
90=A*8 
42=B'8 
217=C'8 



And 349 lots in all. 



Prob. V. — TofiiuA the dividend that wilt contain two or 
more numbers given, without a remainder, when either of the 
given numbers is used as a divisor. 

Rule. — Call the numbers the denominators of so many 
fractions, and a common denominator found thereto, in the 
manner prescribed for finding a common denoniinator to vu- 
gar fi'actions^ is the dividend sought 

EXAMPLE. 

Allowing 63 gallons to fill a hogshead, 42 a tierce, and 32 a 
barrel, what is the smallest quantity of^ molasses that can be 



first shipped in some number 
of fiiU hogsheads, then dis- 
charged and re-shipped in 
some number of fiiU tierces, 
and again discharged and re- 
shipped in some number of 
fiill barrels. 



42 



Operation, 
63 42 32 



63 21 16 



9 3 16 



gallons 



X3X 1 X 16=2016, Ans. 



Prob. VI. — The sum of two numbers and their quotient giten, 
to find those numbers. 

Rule. — Add 1 to the quotient and divide the sum of the 
two numbers by this sum^ which will give the less number ; 
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subtract the less number from the sum and you will have the 
greater number. 

ESAMPLB. 

Divide 100 into two such parts, thai if the greater be divided 
bj the less, the quotient may be just 30. 

Thus, 30+1)100(3^, less part; then 100—3^=96^, 
greater number. 

Pros. VII. — The differ enet eftwo numbers and the quotient 
given, to find those numbers. 

Rule. — ^Divide the difference of the two numbers by the 
quotient, less 1, and you will have the less number. Add the 
less number to the difference, and this sum is the greater num- 
ber. 

EXAMPT.KR 

1. A greyhound, in pursuit of a hare, run three times as 
fast as the hare ; and when he overtook her, he had run 30 
rods more than she. 

How many rods did each run ? 

Thus, 30-^3—1=15 rods, the hare run ; then 15-)-30=45 
rods, the hound run. 

2. A and B start at opposite points, to skate to the other's 
starting point : distance, 8 miles. A, by having the advantage 
(hence B, the disadvantage) of a uniform wind, performs his 
task 2j- times the quickest, and 48 minutes the soonest. Re- 
quired, the time that each is skating,' and the force of the wind 
per minute. 

Thus, 48-^2^—1=32 minutes, A's time; then 32+48=1 
hour and 20 minutes, B's time. 

Then, 80+32-r-2=:66 minutes, each, if it had been calm ; 
and 56—32=24 minutes A was forwarded ; and B was retarded 
the same. 

Then, if 56:8: :24;18102|. ft., 4-24 m. =754f ft. per 
minute. 

pROB. Vin. — To multiply £ s. d. and qr, by £ s. d, andqr. 

Rule.— ^X^=<J^; .€Xs. = s.; rfXd.=d.; ^Xqr.=qr.; 
B. X s.=20th of a s. ; s. X d.=20ths of a d. ; s. X qr.=20ths of a 
qr; d.Xd.=240ths of a d. ; d.Xqr.=240ths of a qr.; and 
farthings multiplied by farthing?, are 960th8 of a fiirtbing, 
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EXAMPLE. 

Multiply rfl9 19s. lid. 3 qr. by J^19 19s. lid. 3 qr, 

OPERATION. 

£ s. d. qr. 
Thus, 19 19 11 3 

19 19 11 3 ^ 



(261 361 209 57=19 

I £ 8. d. qr. 

£ 19Xlld.=209d. 

s. 19 X " =2^ of ad. 
d.fllX " =i^ofad. 
qr. 3X " .=f|irofaqr. 
£ 19X3qr.=57qr. 
8. 19X 
d. IIX 
qr. 3X 
£ 

( 19 



s. 
19 



d. 
11 



qr. 

3X19«£ 

"Xl9s. 



£ 
=19 



8. 

19 



d. 
11 



qr. 
3Xlld. 



« 



(( 



£ 
y=19 



8. 

19 



d. 
11 



=^ of a qr. 

=Mtj of a qr. 

=¥1x7 of a qr. j 
s. d. qr. 
11 3f^, sum'of the fractions. 



^ 



3X3qr. 



( 380 18 . 2 2, sum of the whole numbers. 
399 19 2 lf|^,Ans. 

Hence, the product of two denominations, having the 
same integer^ takes the name of the least, and is of such value 
as the larger denomination implies. Thus, 68.X7d.=^^. ; 
here the product takes the name of pence, and is 20ths, be- 
cause the larger denomination is shillings, 20s. being the in- 
teger. Also, 6 inches X 8 inches=yj|- of a foot, or=4 inches, 
etc, ^v. 

Prob. IX. — To divide a larger denomination hy a smaller 
denomination, when the divisor and dividend used in such a 
division have the same integer. 

Rule. — Reduce the number to be divided to the same de- 
nomination as the divisor. Divide, and the quotient is the an- 
swer, in the same denomination as was the dividend, before it 

was reduced to the denomination of the divisor. 

« 

EXAMPLES. 

1. Divide $1 by 4 cts.; or 1 by ,04 :— Thus, $1=100 cts., 
then 100-M=$25, Ans.;tor J,00-i- ,04=25, Ans. 

2. Divide .£1 by Is.— First, ^l=20s., then 20-r-l= ^20, 

Ans. 
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3. Divide 3 bushels by 3 quarts. — First, 3 bush.=96 qts., 
then 96-^3=32 bushels, Ans. 

4. Divide 4 acres by 5 rods. — First, 4 acre8=640 rods ; 
then 640-7-5=128 acres, Ans. 

Note 1. — ^The preceding examples exist only in theory. 

2. The two foregoing problems and their examples, involve 
the principles of cross multiplication and the reverse. 

3. See the operation of the thirty-fourth question in Propor- 
tionals. 



TO ABBREVIATE THE OPERATIONS OF 

ARITHMETIC. 

Prob. I. — To abbreviate operations in Multiplication and 
Division, 

Rule. 1. — ^Draw a perpendicular line, and place the 9um- 
bers to be multiplied on the right, and the numbers by which 
you are to divide, on the left hand. 

2. If there be two equal numbers on each side of the line, 
cross them out, and omit them in the operation. 

3. If a number on one side of the line will divide a number 
on the other side, without a remainder, erase both numbers, 
and substitute for the larger the number of times it contains 
the smaller. Multiply the remainders to- 
gether, on the right, for a dividend, and the 
remainders on the left, for a divisor. 

Example. — Multiply 8 by 9, and divide by 
8 ; multiply the quotient by 6, and divide the 
product by 3. 

N.B. — For want of proper type, a dot is ( 18, Ans. 

placed atop the figures to be erased. 

Prob. II. — To abbreviate the operation of the Multiplication 
and Division of FVactions by whole numbers — whole numbers 
by JFVactions, or Inactions by FVactions, 

Rule. Draw a perpendicular line and place all those figures, 
which are to be multiplied together for a numerator, or divi- 
dend, on the right of the line, and those figures which are to 
be multiplied together for a denominator, or divisor, on the 
left hand of the line ; also, the numerators of fractions, by 
which a division is to be made, on the lefl. 



8 
3 



Operation, 

8 
9 

6 2 



FROBLBMS. 



25 



The question thus stated, equals on each side *of the line 
may be crossed out. 

When no two numbers remain, one on each side of the line, 
capable of being divided by any one figure, (see preceding 
operation,) multiply the figures on the right of the line for a 
numeratoir, or dividend, and those on the left for a d^nomina* 
tor, or divisor, and the result will be the answer in the lowest 
terms of the fraction. 

Pros. III. — To abbreviate the operation of all praportUmal 
questions, «:/]0 

Rule. 1. — Draw 9, perpendicular line, and place the sign of 
the answer on the lefl, at the top of the line, and that number 
which is of the same kind with the answer on the right, at the bot- 
tom ; and as this number is greater or less than the answer sought, 
place the greater or less of the two remaining numbers on the right, 
and the other on the left, and'prbceed in all respects as befcN'e 
instructed, if Direct or Inverse ; but, , if Double Proportion, 
place any two of the same kind^ of the remaining numbers, one 
on the right and the other oh the left, according to directions 
for Direct or Inverse Proportion. 

% — Then cross out, multiply, and divide, as before directed. 

Note 1. — When the answer is required in a diiSerent de- 
nomination from that given in the supposition, follow the 
tables from the denomination given, to the denomination re- 
quired. 

Note 2. — Mixed numbers must be reduced to improper 
fractions, and the numerators placed on that side of the line 
where the whole numbers, standing in the place of the fraction, 
would be placed. 

EXAMPLE. 

1. If 1 pint cost lOd. what will 3 hhds. cost in pounds'! 



How many £ 1 
hhd. 1 

gal. 1 
qt 1 
pt. 1 

d. 12 

• • 

20 



s. 



Operation, 

3 hhds. "I Reducing 
I hhds. to 
[pints, see 
j Red. Des. 

\ Reducing cf. 
>to 



63 gal. 
4 qts. 
2pts. 

ibd. 

Is. 
l£ 



Explanation, 

Here, the answer 
is required in a 
different denomina- 
tion than that given 
in the supposition. 
(SeoNotel.) 
Therefore, follow 
the tables, until you 



£y see 
j Red. Ascen. 

find the name of the answer required, observing to conunence 
each successive step on the left with the denomination last 
placed on the right. 
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This method of qperation renders the process of Reduction 
Descending and Ascending^ entirely unnecessary. 

2. A merchant bartered 5f cwt. of sugar, at 6|d. per lb., 
for tea, at 8f s. per pound. How much tea did he receive 1 

To discover to the student the utility of the abhreoiating 
method, in operations, and the superiority it has over all oth&r 
modes of performing such solutions as may be performed by 
the abbreviating process, let the preceding question be solved by 
the two different operations. 



FRACTIONAL OPERATION OF BOTH BfETHODS. 



8|=Vs-» VofV*d.= ^ 



5f = Vcwt.For thispart of this 
6f=^d. Method of opera- 
8|±= V^* ^oi^> see Note 2d. 



0|PERATION BY THE COMMON METHOD— FINISHED. 

Thus,as^:-4^^i;r: :^ 

36 



4968 160272 

2484 8 

29808)1282176(43^ lbs.. Answer. 
119232 



89856 
89424 



432 



Remainder, ffOTTO=3r*fr=7«T=«V- 



OPERATION BY ABBREVIATING— FINISHED. 



Tea, 


53, sugar. 


9 




cwt. 1 


iia lb8.X7X8X63— 2968 


lb. 1 


37d. 3 


4 


, 


4d. 1% 


Is. 


s. 69 


8 




1 lb. tea. 



69 



2968=43^ lbs.. Answer. 
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3. If 4 men can build a wall 
in 20 days, in how many days 
could 8 men build the same 
waU ? 



Operation. 
In how many 
days ? 

2 men. § 



4 men. 
26d. 10 



10 days^ AnM. 



4. If 3' men can build 360 rods of wall in 24 days, how 
many rods can 8 men build in 27 days 1 

Note. 1. The student will 



see but 15 figures in the ope- 
ration of this example ; but, 
by the common method, it re- 
quires forty-four. 
Also, see Example 2. 



Operittion. 
How many rods 1 

3 

>• • • 

3 24 



8 

27 8 
360 



Rods, 1080, Ans. 



Note 2. The ingenious pupil will easily discover to which 
proportion each of the preceding questions belong. . 

Remark. — Persons intending to teach, should become 
thoroughly acquainted with the three preceding problems, if 
they wish to enjoy the desirable advantage of but one mode of 
solution, to the questions^ of stverai different rules. 

Considerable should be said by committees and' teachers, in 
favor of pupils being taught this advantageous method of per- 
forming solutions. 

Abbreviating operations is an amusement ; and the neces- 
sary combination of numbers, to close a question by this pro- 
cess, is the simplest of the different methods, and when once 
practised, it can never be supplanted from the memory. 

The scholar will find the most difiicult questions to yield 
readily to this mode of solution, and has the satisfaction of 
proceeding upon a principle which is evidently unerring. 

It is applicable to all Proportional Questions, embracing the 
Rules of Three, Single and Double, Direct and Inverse; 
Interest, Discount, Barter, Loss and Gain, Exchange, Reduc- 
tion, Multiplication and Division of Fractions, ^c. ^^c. 



X. DECIMAL FRACTIONS.* 

The reasoi^ of what is i£fost difficult to understand in Deci- 
mal Fractions, is that of Multiplication, Division, and Reduc- 



tion. 



** Jkctnua is derived from the Xicrftnword decern, which signifies ten, 
FnuHon if derived fit>m the Latin wwd/rango, which signifies le break. 
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MULTIPUCATION AND DIVISION. 

DEMONSTBATION. 

1. It is obvious, that multiplying whole numbers by any 
fraction, is taking a certain part of the multiplicand for the 
product; consequently,' multiplying one fraction by another, 
must produce a fraction smaller than either of the factors. 
And it is evident, that ,95 is ^^ or ^, and ,5 is -jl^ cm: j^ ; and it 
is obvious, that i of ^ of ^, is ^ of ^Vi^Xf , which is ,125, be- 
cause decimals read the same as whole numbers, and are the 
same as their equivalent vulgar fractions ; therefore, ,25 X, 5= 
,125 ; consequently, the number of decimal places in any pro- 
duct, must be equsd to the number of decimal places in both 
the frictofs of that product : Hence the rule. 

2. The preceding shews, that the product must have as 
mtmy decimal places as both its factors. ^ 

The Multiplicand imd Multiplier, in proving Multiplication, 
becomes the divisor and quotient in Division. Therefore, the 
number of decimal places in the quotient, must be equal to 
the difference between the* number of decimal places in the 
dividend, and the number of decimal places in the diviscnr : 
Hence the rule. 

REDUCTION. 

DEMONSTRATIONS. 

1. To Reduce a Vulgar Fraction to its equivalent Decimal, 
Let the given fraction, whose decimal expression is required, 

be A- , 

Now, since every decimal fraction has 10, lOOj 1000, &c. 

for its denominator : and, if two fractions be equal, it will be, 
as the denominator of one is to its numerator, so is the de- 
nominator of the other to its numerator. 

Thus, as 15 : 9 : : 10 : 6,=^, the^numerator required, and is 
the same as by the rule. 

2. To Reduce Numbers of different denominations to their 
equivalent decimal values y—omd the contrary. 

This is only expanding or contracting the ratios in ques- 
tion, as they are larger or Jess than the ratio required ; and 
what is taken from one ratio, 4o make it equal with the tenfold 
OAe, is only giving to another place what would have been left 
in its preceding place, had the common ratio been equal to the 
one in question. 
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And each of. the given clenominations, is but parte of the 
whole value, and may be treated .of separately, which wpuM 
make each denomination ''a vulgar frtution to he reductd i0 Us 
equivaient decimoL'* 

For an example, reduce 17s. 8}d. to the decimal of a pound. 
Thuil, f of a penny=:^75 ; consequently,* Sid.=8,76d., hut 
8,75 is f ^ of a penny, or y^^ of a shilling, which reduced 
to adecimaJ, is,729166&.c. s. In like manner, 17,729166 &c. s. 
we ^mi^=,&86A58 &c., as by the rule. 

From the preceding, we may infer, that the denominator 
of a higher denomination, is the divisor of its lower denomina- 
tion, in reducing it to its equivalent decimal. Also, it is the 
multiplier for taking its numerator from the decimal. ' 

On this and the preceding article, is foundeid the rules to 
the two last propositions. 

3. Tojindthe decimal of any number of shillings, pence, and 
farthings, hy inspection,- — and the contrary, 
. The invention of the rule is as follows : — As shillings are so 
many 20ths of a pound, half of them must be so many lOths, 
and, consequently, take the place of lOths in the decimal ; but 
when they are odd, their half will always consist of two places, 
the^r^^ will be half the greatest even number, and the second 
the odd shilling, which is ,05 of a pound. 

Again, farthings are so many 960ths of a pound ; and had 
it happened that 1000 had been the pound, it is plain any 
number of farthings would have been so many thousandths, 
and might have taken their place .in the decimal accordingly. 

But 960, increased by a 24th part of itself, is 1000 ; conse- 
quently, any number of farthings, increased^by their 24th part, 
will be an exact decimal expression: but, if the number of 
farthings be more than 12, a 24th part is more than ^ a farth- 
ing ; therefore, 1 may be added ; and when the number is 
more than 36, the 24th part is more than l^^r., and there- 
fore, 2 is added : Hence the RVhE9, 



XI. INFINITE DECIMALS. 

1. Decimals, consisting of figures continually rj^eated, ^re 
called Infinite Decimals, or Repetends ; and arise from Vul- 
gar Fractions, whose denominators do not measure their nu- 
merator^. 

The repetition of one figure, is a Single Repetend' 
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The repetition of one or more figures^ ia called a Compound 
Ilq>etend. Thus^ .33 is a single repetend; .3S232 is a com- 
pound repetend« . 

When other figures occur before the repeating decimals, it 
is a Mixed Aepetend— thus, .21321. 

Single and compound circulates may be mixed repetends. 

A single repetend (33) is expre;^ed thus, .3 ; a compound re- 
petend (2121) thus, .2i. 

JSimilar repetends — whether jingle or compound— ^are those 
which begin at the same place, either before or after the separ- 
atrix. 

Dissimilar repetends are those which begin at different 
places. 

Conterminous repetends are those which end at the same 
place. 

Similar and Conterminous repetends are those which be- 
gin and end at the same place. 

The denominator of the common fraction ^^ does not mea- 

sure its numerator ; hence ^ reduced to decimals, is .1, ai^d is 

• •  

the equivalent decimal to j^,then .2=f , and so on, till .9=i:f. 
Therefore, every single repetend is equal to a vulgar 
fraction, whose numerator is the repeating figure, and denom- 
inator 9. ^ 

Agun, ^^=.01 ; and ^z=:02, and the same holds true ad 
infinitum, 

A mixed repetend consists of two parts — the finite part, and 
the repeating part. 

The finite part may be reducedjo its equivalent deciinal, 
by " Reduction" of Decimals, Article first, in which it is de- 
monstrated, and thb infinite part may be treated as a single, or 
compound repetend, just as the case may be. 

Hence the mixed repetend (.153) is reduced to its equiva- 
lent decimal — ^thus, Den. of the infinite part is 9,-^00(the Os for 
the 2 finite places)=900, then the 9, X 15 (finite part) ,+3 

(infinite part)=. 138 Num.; therefore, .153=^^=^^, and 
the same of any mixed repetend. 

Any given repetend, whether single, compound, pure, or 
mixed, may be transformed into another repetend, which shall 
consist of an equal or greater number of figures, at pleasure— 

thus, .3 may be transformed into .33, or .333, &c. 

3. Similar and Conterminous repetcoids should- begin and 
end just as far firom unity, as die farthest among the diitoimilar 



VtlLaAE ifRAOTIO^KS. 31 

repeiends, in addition of infinite decimals ; and the quotient 
of the repetends, divided by as many 9s as there are places in 
the repetend, should be added to the finite |>art ,' and the re- 
mainder is the repetend of their snm. 

4. If the repetend of a number to be subtracted, in subtract- 
ing infinite decimals, be greater than the repetend 'of the num- 
ber it is to be taken from, then the right hand of the remainder 
must be less by unity than it would be if the expressions were 
finite. 

5. To multiply or divide Infinite Decimals, change them 
to common firactions, multiply or divide, turn the* fi'action ex- 
pressing the quotient or product, into its equivalent decimal, 
and you have the fraction required. . 

6. The following hints may serve to find whether the deci- 
mal fraction, equal to a given vulgar one, b finite or infinite, 
and of how many places the repetend will consist. 

In dividing 1.000, ^c., by any prime number, except 2 or 5, 
the figures in the quotient will begin to repeat over again, as 
soon. as the remainder is 1. 

And since .999 is less than 1, therefore, .999 divided by 
any number, will, when the repeating figures are at their period, 
leave for a remainder. 

The number of repeating figures we have, when the dividend 
is 1, will be the same number when the dividend is any other 
number. 

Every repetend equally multiplied, must give the same pro- 
duct : for, if the products have more places, the surplus in each 
being alike, will be carried to the next, by which means, each 
product will b^ equally increased ; consequently, every ex- 
tended repetend will continue alike; and hence it appears 
that any dividend may be altered at pleasure, and the number 
of places in the repetend will still be the same. 



XII. VULGAR FRACTIONS. 

DEMONSTBATIONS. 

The reason of what is most difficult to understand in vul- 
gar fi'actions, is the rules for finding the greatest common 
measure, and the least common multiple ; any of the remain- 
ing rules, with a little consideration, will, appear very^ obvious. 

Problems tV. and V. suggest to find the greatest common 
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measure and the least c<»iuaon multiple of > two or. more num- 
bers. 

1. What is the greatest common measure of 918, and 1998. 

OPERATION. 

First, 918)1998(2 Second, 162)918(5 
1636 810 



Rem. 162 108 

Third, 108)162(1 Lastly^ 54)108(2 

108 108 

54 

EZPLANATIOSr. 

The trtith of the rule will be discovered by retracing the 
preceding operation, as follows : 

Since 54 (the last dirisor) measures 108, it also measures 
1084^4, or 162. Again^ since 54 measures 106 and 162, it 
also measures 5 Xl62-f-106, or 918. 'In the same manner it 
will be found to measure 2 X9184-l62,.or 1996. Therefore, 
54 measures both. 916 and 191^, and is their greatest common 
measure ; for, suf^ose there • be a greater — ^then, since the 
greater measures 916 and 1996, it also measures the remain- 
der, 162; and since it measures 162 and 916 it also measures 
the remainder 106 ; in the same manner it will be found to 
measure the remainder, 54 ; that is, the greater measures the 
less, which is absurd. 

2. Remarks respecting the least common multiple of two or 
more nuinhers. 

It is obvious that one number is the multiple of anothei:, 
when the former contains all the factors of the latter. 

The factors of 6 are 3 and 2, and the factors of 9 are 3 and 
3. Now 54 contains all these factors, (3x2X3x3=54), and 
54 is a common multiple of 6 and 9, but it is not their least 
common multiple — it is 3 times as great as the least, owing 
to the existence of the factor^ 3, in both 6 and 9. Hence we 
observe, that a common factor of two or more numbers must 
enter but once into the multiplication, to give the least common 
multiple. 

The necessary exclusion is effected by the following : 

RtTLE. — Divide two or m^re, of the given numbers by any 
prime number that will measure them; repeat the,operation upon 
the quotients ^nduntfivided numbers, and thus continue, till they 



TULGAE FRACTIONS. 33 

become prime to ecxh other. Multiply the seoeral divisors, the 
last quotients, and undivided numbers together ; the product 
will be the least common multiple, 

3. To change ^wo or more fractions which have different 
denominators, to equivalent fractions, having the same aenomi' 
natoir. 

It is evident, that if both the nttmerator and denominator of 
a fraction are increased or diminished alike, the fraction re^ 
mains of the same value ; and as many times the numerator is 
made greater, or smaller, so many times the fraction is made 
greater or smaller, and as many times as the denominator is 
made greater so many times the fraction is. made smaller, 
or, as many times as th^ denominator is made smaller, so many 
tiipes the fraction is made greater : Hence the reason of the 
rule, and hence the rules for the multiplication and division of 
firactions. 

The reason of the divisor's being inverted, in division of 
firactions, is because it is supposed to be written under the div- 
idend and then removed by i^ukiplying the numerator of the 
dividend by the denominator of the divisor, and the ^enommar 
tor of the dividend by the numerator of the divisor^ 

EzAMPLE.-^Divide f by f . 

Operation by the rule ; thus, f X|=ff =2, Ans. 

Demonstration of the rule; thus, < J-=V=2, Ans. 

4. To reduce a fraction of a lower denomination to thefirac- 
tion of a higher ; or, reducing fractions of a higher, to 
firactions of a lower denomination, is only reducing them to 
compound fractions, ^by comparing the given fraction with all 
the denominations between itself and the denomination to 
which you would reduce it; 

Example.— Reduce ^^ of a mill to thefi'action of a dollar. 
By comparing it, it becomes a compound fi-action, thus :-» 

-^ of tV of iV of T^ =TTj4Tnr> Ans. 

The reverse, thus : ^ishsjs of J^ of J^ of -V^=:t^|M*, Ans. 

5. Fractions, before they are reduced to a common denom- 
inator,, are entirely dissimilar, and therefore cannot be incor- 
porated with one another ; but when they are reduced to a 
common denominator, d^/C. and made parts of the same thing ; 
their sum, or difference, may then be as properly expressed 
by the sum of the difibrence of the numerators, as the sum or 
difference of any two quantities, by the sum or difference of 
th^ir individuals; hence the- reason x>f the rules, for addition 
and subtraction of firactions, 
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Xin. PROPORTION. 

EXPLANATIONS. 

1. The idea, annexed to the term, proportion, is easily con- 
ceived. ' 

The rule itself is founded on this obvious principle. "The 
magnitude or quantity of any effect varies constantly in pro- 
portion to the varying part of the cause." 

Proportion is distinguished into continual and discontinual. 

If, of several couplets of proportionals, written down in a 
series, the difference or ratio o^ each consequent, and the 
antecedent of the next, following couplet, be the same as the 
common difference or ratio of the couplets, the proporticoi is 
said to be continual, and the numbers themselves, a series of 
continual proportionals, either arithmetical or geometrical, 

2. Four numbers are said to be in direct proportion, when 
more requires more, or less requires less, 

Mor€ requires more when the third term is greater tha^ the 
first, and requires the fourth term to be greater than the sec- 
ond. 

Less requires less, when the third term is less than the first, 
and requires the fourth term to be less than the second. 

3. Four numbers are said to be reciprocally or inversely pro- 
portional, when the fourth is less than the second, by as many 
times as the third is greater than the first, or when the first is 
to the third, as the fourth to the second, and vice versa,* 
Hence the phrase — if more requires less or less requires marc, 
the proportion is Inverse, 

4. Harmonical Proportion is that, which is between those 
numbers which assign the lengths of musical intervals, or the 
lengths of strings sounding musical notes ; and of three num- 
bers it is, wh^i'the first is to the third, as the difference be- 
tween the first and second is to the difference between the 
second and, third, as the numbers, 3, 4, 6. 

Thus, if the length of strings be as these number^, the 
sound will be an octave 3 to 6, a fifth 2 tp 3, and a fourth 3 to 4. 

Again, between four numbers, when the first is to the fourth, 
as the difference between thefirst and second is to the difference 
between the third and fourth, as in the numbers 5, 6, 8, 10 : 
For the strings of such lengths will sound an octave 5 to 10 ; 
a sixth greater 6 to 10 ; a third grjCiaterS to 10 ; a third less 5 
to 6 ; a sixth less 5 to 8 ; and fourth 6 to 8. 

^ Vice versa is a Latin word signifying, tkeUrms being exchanged. 
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Lasdy — A series of nmnbers in hdrmonical proportion 
iSy reciprocally, as another series in arithmetical proportion. 

« 



XIV. ALLIGATION. 

DEMONSTRATION. 

1. There is nothing in the different cases and operations in 
Allig&tion, the reason of which does not appear plain, except 
what relates to finding the quantities, at several different prices, 
to-be mixed together in such proportion that one pound, bush- 
el, ^c. of the mixture, may be of a certain value, less than 
the highest and greater than the lowest price. The rule for 
doing this is called Alligation Alternate:, from alligo to. bind 
or connect together, and aUerno, to change by turns ; because 
the prices of different simples are linked together, and their 
differences are made- to change places with one another. , 

The operation by this rule gives the true answer by connect- 
ing a greater and' less, than the mean price, and plac- 
ing their differences alternately for the quantities themselves, 
by which there is precisely as much gained by one quantity, 
as is lost by the other. 

We may variously alligate the values of the ingredients, and 
thus obtain various results, all of which will be correct ; and 
the results will be correct answers. 

DemonstrationT — Let two different qualities of grain be 
mixed together, one kind worth $2 a bushel, and the other $4, 
in such proportion that a bushel of the mixture shall be worth 
$3. 



Operation, 



Explanation. — Here it is found by the 
rule that there must be 1 bushel of each sort, 
and the price of both bushels, one at $2 and 
the other at $4, is $6, which divided by 2, the number of 
bushels mixed, gives $3, the price of a bushel of the mixture. 
It is also plain that the bushel which was worth $4 before it 
was mixed, has lost $1 by the mixture, and the bushel that 
was worth $2 has gained $1 ; therefore, there is as much 
gained by one, as is lost by. the other, which was to he proved. 
, The same principle will hold true in all cases, let the number 
of simples be what it may. 

2. The difference between the greater and the less of two 
prices connected, is the common denominator of fractions, of 
which the differences between each extreme and the mean 
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prictf, are the numerators, which fractions always express the 
proportional quantities of the different jthings to he mixed, and 
by removing the common denominator, the numerators- be- 
come whole numbers : hence the reason of the differences of 
the mean and extreme prices being the same as the number of 
things required to be mixed. 



ExampU, '* 
\ 8 — 'f or 2 



DEMONSTRATION. 

Here is an example in which the mean 
price is 5, and the extremes are 3 and 8 ; the 
quantities to be mixed ate 3 of t^e lesser 
price, and 2 of the greater. The difference between 3 and 8 
is 5, which is the common denominator, and 5 — 3=^2, the nu- 
merator of the least fraction, against the greatest price, and 
8 — 5=3j the greatest numerator of the fraction or proportion 
at the least price. The proportions are now found in frac- 
tions; but it is plain that if the common denominatc«' 5, be 
taken away from both, it is the same as multiplying the nu- 
merators by it, and then dividing the products by the denom- 
inator ; therefore, 3 and 2 are whole numbers, and they 
are th^ least whole numbers that can have the' same relation to 
each other as -^ to f. 

When several less numbers are connected with one greater, 
or the contrary, the principle is the same. 
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1. Part 1500 acres of land between Saul, Seth and Silas; 
and give Seth 72 more than Saul, and Silas 112 more than 
Seth. 

First, Sethis 72, +Silas' 72 and 112 more than Saul's, is 
266 acres from 1600, leaving 1244 to be divided equally ; 
hence, 1244-^3=414$ acres, Saul's share. 
^ Then, 414f-|-72, Seth's ; and 414f-f 72-f 112, Silas' share. 

2. What is the difference between six dozen dozen, and half 
a dozen dozen ? . 

First, a dozen dozen is 144,-2=72, ^ a dozen. 
Then, 144x6— 72=792 difference, Ans. 

3. What number, deducted from the 32d part of 3072, will 
leave the 96th part of the same ? 

First, 30724-32=96 ; then, 3072-^96=32. 
Then, 96—32=64, Ans. 
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4. There is a certain number, which bein^ divided by 7, 
the quotient resulting multiplied by 3, that product divided by 
5, from the quotient 20 being subtracted; and 30 added 
to the remainder, the half sum shall make 35. What is the 
number ? 

Thus, 35X2—30+20x5X7—3=700, Ans. 

5. How many trees, four feet apart each way, may grow on 
an acre of ground ? 

First, 1 acre=:43560 feet, and four feet every way=16 feet ; 
then, 43560^16=2722 trees, Ans. 

6. A sheepfold was robbed three^ nights successively ; the 
first night, half the sheep were stolen, and half a sheep more ; 
the second night half the remaindev were stolen, and half a 
sheep more ; the last night, they took half of what were left, 
and half a sheep more, by which time they were reduced to 
30. How many were there at first? 

Thus, J-)-30=^ of what were in the fold before any were 
taken the last night, therefore, 30,5+30,5=61 in the fold be- 
fore any were taken the fast night, lind halfof them were stolen 
and half a sheep more, consequently, 31 taken the third 
night, 62 the second, and 124 the first. 
Then, 30+31+62+1 24=247, Ans. 

7. What part of ^Sj^ is 28^ ? 

First, 332V=HF, and 28^=^^ I then, fff f =i, Ans. 

8. Find two numbers that |-| of one shall equal ^ of the 
other. 

Thus, i%x-f^=i%h Ans. 

9. If ^ of 6 be 3 what will ^ of 40'be ? 

First, i of 6 is 2, and J of 40 is 1 ; then, if 2 is 3, 10 ig 15. 
Ans. 15. 

10. At what time, between twelve and one o'clock, do the 
hour andminute hands of a clock point in directions exactly 
opposite 1 

The minute hand must gain 30 minutes on the hour hand, 
before they will point in opposite directions, and the min- 
ute hand, in moving 1-^ minute, gains 1 tninute, because the 
motion of the hands are in the ratio of 11 to 1 ; consequent- 
ly, 30X1tS:=32t^ minutes past 12, Ans. 

11. Seven-eighths of a certain number exceeds four-fifths of 
the same by 6 ; what is that number ? 

First, 40X7,^=36, and 40—36=5; 40x4,-t-5=32, 

D 
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and 40—32=8 ; and 8—6=3. Then if 3: 6 : : 40 : 80, J of 
which exceeds ^hj 6, 

12. From 14 years, take 11 yrs. H mo. 11 w. 11 d. 11 h. 

11 m. lis. 

CY. m. d. h. m. s. 

14 00 00 00 00 00 

Operation. ^ 12 1 4 H 11 11 



111 23 12^ 48 4tf, Ans. 
Or, 1 11 3w. 2d. 



t€ it it 



13. From 1 fur. take 39 rods, 4f yds. 2 ft. 5 inches. 

Fur. rd. yd. ft. in. 

1 00 00 00 00 

Operation. I 39 4J 2 5 



l,Ans. 

14. What is the gross weight of a hogshead of tobacco, 
weighing neat 11 cwt. 1 qr. ; taxe 14 lbs. per. cwt.? 

First,l 12— 14=98; then, if 98 : 112 : : 11 cwt. qr. : 12 cwt. 
3 qrs. 12 lbs., Ans. 

15. The births, in a certain town, were 475, and the propor- 
tion, 13 boys to 12 girls; what was the number of each? 

Thus, 13+12 : 475 : : 13 : 247 boys ; then, 475— 247zz:228 
girls. 

16. What sum of money will produce as much, interest in 3^ 
years as $210,15 can produce in 5^ years 1 

First, 3^ yrs.=:39 months, and 5^^ yrs.=:65 months. 
^ Then, if 39 : 210, 15 : : 65 : $350^25, Ans. 

17. Divide the number 360 into four such parts, which shall 
be to each other as 3, 4, 5, and 6. First, 3+4+5+6=18. 
Then, 18:360: :3:60) .„ -And,18:360: :5:100\ . 

": " ::4:80J^^^- " : " ::6:120)^"^* 

18. C hired A and B to cut wood ; A could cut a cord in 
4 hours, and C in 6 hours ; in what time could both cut a cord 1 

♦First, 6+4,-f-2=5 of 12 hours ; then,5 : 60 : : 12 : 2 hours, 
24 minutes, Ans. 



*The * signifies the operation of tkepreceddng question begins at that 
pltLce, 
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PROPORTIONALS. 

I. This and the following division are difficult questions ex- 
plained, a perusal of which will lead to their investigation, and 
consequently discipline the mind, giving clearness and activity 
of thought, strengthening the power of comprehension, and 
therefore tend to lay the foundation so indispensable to the 
formation of plain reasoning and a sound judgment. 

II. Teacherrmay place the operations of the following ques- 
tions upon the black-board, and define the reason of each step, 
to their pupils, should they be unable to give it. 

1. A lion of bronze, placed at the brink of a reservoir, can 
spout water into it from his mouth and right foot. If he spouts 
from his mouth only, he will fill the reservoir in 50 minutes ; 
if from his foot only, he will fill.it in 40 minutes. It has a 
discharging faucet which will empty it in 25 minute^.' In 
what time would the reservoir be filled, if permitted i6 spout 
from his mouth and foot ; and in what time would it be filled 
if the faucet is left open, and he spouts from his mouth and 
foot ? 

•First, iV+tV— 2^?D o^ it filled in 1 minute. 

Then, if 9 : 1 : :200 :22f minutes, Ans. 1. 

Then, what runs out in 1 minute, is equal to r^ of what 
runs in, in 1 minute ; therefore, in 1 minute ^^ of the reser- 
voir is filled, when all are running ; consequently, 200 minutes, 
3 hours 20 minutes^ Ans. 2. 

2. A water-tub that holds 147 gallons, has a pipe that brings 
in 14 gallons in 9 minutes, and a tap that discharges 40 gal- 
lons in 31 minutes ; now supposed these both to be left open by 
mistake at 2 o'clock, and a servant at 5, finding the water run- 
ning, shuts the tap, and is solicitous to know in what time 
the tub will be filled after the discovery of the accident. 

•First, from 2 to 5,= 180 minutes; then, if 9 : 14 : : 180 : 
280 gaJs. runs in, in 3 hours ; then, if 31 : 40 : : 180 : 232^ 
gals, runs out in 3 hours ; and 280 — ^232^=473-^ gals, is in 
at 5 o'clock; then 147 — 47ff ==997^ gals, is to run * in, aft^t 
the discovery. Then, if 14 : 9 : : 99^ : 1 hour, 3 minutes and 
48^-J^ seconds, Ans. . , 

3. A certain schoolmaster was hired for one month upon 
these conditions, that if he had 20 scholars, he was to have 
(25; and if he had 30 scholars; he was to have $30. It so 
happened that he bad 29 ; pray what wasr his wages ? 
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*If 10 scholars less than 90 : add 25. cents to each of the 20 
: : 9 scholars, more than 20, : diminishes 22j- cts. from the 29 
at 91,25 ; then, 25— 22j^i=2j- cents per scholar more than 
one dollar each, consequently, $29,72,5, Ans. 

If 3 men, or 4 women, do a piece of work in 56 days, how 
long will one man and one woman be in doing the same ? 
•First, if 3 : 4 : : 1 : H, which plus 1=2^. 
Then, if 4 :56 : :2^ :96 days, Ans. 

5. A, B, and C bought a piece of land, the profits of which 
amount to i£120 per annum. Now the sum of money that 
each paid, was in such proportion, that as often as A paid ^5, 
B paid £7, and as often as B paid £4, C paid ^6. How 
much must each have of the gain per annum? 

 First, if 4 : 6 : : 7 : .£10,5 ; then 10,54-5+7z= .£22,5. 
If 22,5 : 5 : : 120 : £^i, A's. As 22,5 : 7 : : 120 : .£37 i|, B's. 

Again, 22,5 : 10,5 z : 120 : £56,C'» part of the gain. 

6. A person went to 4 taverns in succession, upon entering 
each of which, he borrowed as much money as he carried to 
it ; and, upon leaving them, he paid the landlords one dollar 
each, which done, he finds himself without money. What 
sum of money did he carry to the first tavern ? 

* First, 100 cts., last landlord's bill, is composed of 50 cts. 
that he borrowed, and 50 cts, that he spent ; for he carried to 
it and borrowed alike : consequently, if 100 : 50 : : 50 : 25 cts. 
spent at the third tavern. And if 50 : 25 : : 25 : 12^ cts. \ 

" " second " and if 25 : 12^ : : 12^ : 6^ cts. ) 

" " Jirst " for the more he spent, the less 

money he would have, and consequently would borrow less. 

$0.93.7^, Ans. 

7. A can mow one acre of grass in 5f hours, and B can 
mow 1 j acre in 9^ hours. In what time can A and B, jointly, 
mow Sj acres ? 

* First, if 1} : 9^ : : 1 : 5^ hours, B, in mowing one acre ; 
then, 5^--|-^§=ll hours=660 minutes, which gives 4 acres 
when both are mowing. Then,- if 4 : 660 : ; 8^ ; 1361^=22 
hours, 41 minutes, and 15 seccmds, Ans. 

8. If a Cardinal can pray a soul out of ** purgatory,'' by 
himself, in one hour, a Bishop in 3 hours, a Priest in 5 hours, 
and a Friar in 7 hours. In what time can they pray out 3 
souls, all praying together ? 

• First, ^^+|-)4=|7|, Then, if 176 ; 105 : : 3 ; 1 h, 
47 m. 23T«r s., Ans. 
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9. A can do apiece of work in 10 days, B in Id^days. In 
what time could both together finish apiece of work'? 

* Thus, T^-f-^=^, and 23 : 130 : : 1 : 5^ days, Ans. 

10. A can do a piece of work in 3 weeks, (six days to a 
week,) B can do thrice as much in eight weeks, and C 5 times 
as much in twelve weeks. If all >york together, in what time 
can they finish a piece of work ? 

* First, ^+f -|-^i=fj. Then, if 27 : 6 : : 24 : 5 days 4 
hours, Ans. 

11. A and B can do a piece of work in 5 days ; A can do it 
alone in 7 days. In what time can B do it by himself? 

* Thus, 7—5=2. Then, if 2 : 5 : : 7 : 17^ days, Ans. 

12. A can reap a piece of wheat in 5 days, B can reap it in 
8 days, and A and C .together in 4 days. How long would all 
three be in reaping it ? 

* First, i, i, i=ii> which is made up of 2 days work by A, 
and 1 by B and C, eacH. Then f^ — i^ (A's extra labor) =i^, 
what all did. Then,rf 15 : 40 : : 1 : 2| days, Ans. 

13. A and B can build a boat in 18 days, and with the as- 
sistance of C, they can do it in 11 days. In what time can C 
doit? 

* First, A and B, in one day, would do -j^ of the work, and 
A, B, and C would -do -j^ of the work. Then, A, B, and C 
,1^ — iV A-(-B=y|^^, what C wQuld do in 1 day. Then, if 
7 : 198 : : 1 :28f days, Ans. 

14. A, B, and C agree to do a piece of work for £2 10s. 
A and B perform -^ of the work, A and C -f^, B and C 
■^ of it. How much does each receive, if paid proportionably ? 

* First, A+B= A=,2727 ; A-|-C=Tfi^=:,3846 ; and B+ 
C=^=,2S57 ; then, ,2727+,3846+,2857=,943, twice as 
much as they all performed ; therefore, ,943-^2=, 4715= A, B, 

and C. Then, ,4715— ,2857=B+C=,1858=A ; and ,4715 
— ,3846=,0869=B ; and ,4715— ,2727=, 1988=C. 

Then,as,.4715 : 50s. : : ,1858 : 19s. 8d. Iff ^Hqr. A receives. 
Also, as " : " : : ,0869 : 9s. 3d.2ifHq^B 
And, as " : " : : ,1988 : ,£1 Is. Od. 3^%qr. C 

15. A, ;B, and C are employed to do a {Hece of work for 
$26,45 cts.; A and B are supposed to do f of the work ; A 
and C ^ ; B and C i% ; and are paid proportionably. What 
share has each of the money ? 

* First, f+^+^=:^, but separately, they aje J*, H, U, 






U 
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and ^ is twice as much as they all performed ; hence fti'r^ 

Then, f#=A; B, and C— ^, B and C= j^, what A per- 
formed; also, }j — JS=A> ^^^^ ^ did; and fg — JJ=A> 
what C did. 

The sum. of the numerators of the parts of what each per- 
formed, is 23 ; hence, A's part is ^, B^ ^, C's ^. 
Then, if 23 :26,45 : : 10 : $11,50 cts., A's share. ) 
Also, if " : " : : 6 : 6,75 cts., B's " } Ans. 
And, if " : " : : 8 : 9,20 cts., C's " J 

16. A and B can dig a trench in 4 days, B-ond C in 6 days, 
A and G in 5 days. Required, the time that A, B, and C 
would do it, and the time that each would do it. 

• Now, A and B, in one day, would dig |^, B and C ^, A and 
C •^. The sum of these parts is f^, and is what all would do 
in 2 days, because each is mentioned twice. Then j- of f^= 
■^xf, what all would do in 1 day; theji if you subtract, separ- 
ately, what each two would do i^ 1 day, from z^^, you will 
have what each one would do in 1 day, which is -j^ for A, 
^^y for B, tod tJtj for C. The sum of the nui3[i^rators=:37. 

1 : 3^ days, aH are in digging the trench 
1:7tV " Ais 

1:9A " B " 

1:17| " G " " " 

17. If 15 men can perform a piece of work in 11 days, how 
many men will accomplish another piece of work, four times as 
large, in a fifth part of the time ? 

*First, as 1:15: :4:60«men; then, as 1:60: :5:300 
men, Ans. 

18. A, B, and G can complete a stair-case in 12 days; A 
can make it alone in 23 days, and B in 37 days? In what 
time can G do it by himself? 

 First, days, 12 : 1 : : 1 day : ^V of it. 



Then, 




I 



s, 12 : 1 : : 1 day : -^ of it. ) 
(23:1: :l - :2V " > 
\37:l::i " :,v " J 



Then, -^ — s^-J-uV^tAMs" of it, G completes in one day. 

And, 131 : 1 : : 10212 : 77if| days, Answer. 

19. A master mason is offered $25 for doing' a piece of 
work, which he call finish in 12^ days; and his journeyman 
can do it in 18f days, his apprentice in 22J days. If they 
work together, in what time would they finish it, and how 
much would each earn ? 

* First, all working together, would finish ^ of it in 1 day. 
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Then, if 14 :,! : 1 75: 5^ days, all would be in doing it; and 
the master mason does -^ of it, the journeyman -^^ and the 
apprentice -^. 

Then, if 13 : 25 : : 6 ; $lli|^^, the master mason earns. 
And, if *':**: :4: 7^, " journeyman- " } Ans. 
" : " : :3: 5|#, " apprentice 

20. A man l)ought apples at 5 cents a dozen, half of which 
he exchanged for pears, at the rate of 8 applet for 5 pears ; he 
then sold all his apples and pears at a cent a piece, and thus 
gained 19 cts. How many apples did he buy, and how much 
did they cost? 

* First, 1 apple=-i^ of a cent, and 8 apples=4J of a cent, 
and 5 pearszr:^^- ; hence 8 apples and 5 pears^f^=-^i=:6f 
cts.,=f^ of a cent for 1, and I sold for f|- of a cent, then, ^ 
— §^zi:^ of a cent gained on 1. 

Then, if ^ : 1 : : 19 : 39, then jB+5 : 39 : : 8 :24=^ of the 
apples ; therefore, 48 apples in all : and, if 12 apples : 5 cts., 
: :48 :20 cts., they cost. 

21. A bought a load of wood, measuring 2 cords, in sticks 
of 12 feet in length, and agreed with B to saw the whole to 2 
feet lengths, at the usual price of 50 cents per cord, of 4 feet 
lengths. How much should B be paid for sawing it ? 

* First, he cut each stick into 4 feet lengths, hence twice 
in two ; then each of these three sticks once in two again, 
hence each 12 fl. stick is sawed 5 times in two. 

Then, if 2 : 50 : : 5, X2 : $2,50 cts., Ans. 

22. A person being asked the time of day, said it was be- 
tween 3 and 4 o'clock, and the hour and minute hands were 
together. Required, the exact time. 

* Now, since the minute hand moves 12 spaces to the hour 
hand one, the minute hand moves 11 times the fastest; hence, 
as 11 is to I, so is 12, multiplied by the number of sptu^es that 
both hands are from 12, to the time they will be together again. 
Consequently, as 11 : 1 : :12,X3:3h. 16^m. {i.e, 1^4:"^* 
past 3 o'clock, Ans.) 

Or, thus, as 11 : 3 : : 12 : 3h. 16^m., which is the same. 

23. A gentleman being asked what o'clock it was, said that 
it was between' 5 and 6 ; but, to be more particular, he said 
that the minute hand had passed as far beyond the 6, as the 
hour hand wanted of being to the 6; that is, the hour and 
minute hands made equal acute angles, with a line passing 
from the 12 through the 6. Required, the time of day. 
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* Questions of this nctture, are solved as follows ': 

As 13 : 6 : : 13 : 5h. 32m. 18^. (i.e. 32m: Id^s! past 5 
o'clock, Ans.) 

24. A person looking on his watch, was asked the time of 
day ; he said the time past noon was equal to f of the time to 
midnight. Required, the exact time. 

* From noon to midnight is to be divided into two parts, in 
the ratio of 4 to 5. Hence, as 4-|-5 : 4 : : 12 : 5h. 20m., Ans. 

25. Two persons, comparing their ages, find them, at pre- 
sent, in the ratio of 7 to 5, but, that 30 years ago, they were 
as two to one. What is the age of each ? 

* Inversely, 7+5 : 30 :2-|-l : 120, the sum of their ages. 
Then, as 7+5 : 120 : : 7 : 70 yrs., the older. 

And, 120 — ^70=50 yrs., age of the younger. 

26. A son having asked his father's age, the father thus re- 
plied : Your age is 12 years, to which, if ^ of both our ages 
be added, the sum will express my age. What was the 
father's age? 

* First, add | of 12 to 12=ldJ, which wants f of the 
father's age to complete the answer ; hence 19^=:f of the 
father's age. 

Then, if 3 : 19 J : : 8 : 52 yrs., the father's age, Ans. 

27. A's age is double that of B, and B's triple that of C, 
and the sum of all their ages is 140. What is the age of 
each ? 

* First, call C's age 1 part of the 140 years ; then B's would 
be 3 parts, and A's 6 parts ; then, 1+3+6=10 parts in the 
sum of their ages. 

C 10 : 140 : : 1 : 14 yrs., age of the youngest. \ 
Then, if^ " : *' : :3:42 yrs., B's age. > Ans. 

( " : " : :6:84yrs., A's " j 

28. A says to B, two-thirds of my age is equal to three- 
fourths of yours, and their difference is 10 years. What is 
the age of each? 

* First, §, and }, reduced to a common denominator,—-!^, 

and -^ ; therefore, their ages are in the ratio of 8 to 9, and 10 

years must be equal to ^ of A's age, and ^ of B's. 

Then if i * • 10 : : f : 90 yrs., A's age. ) . 
men, " j^ . « . . | . 80 yrs., B's ** ] ^^®- 

29. A man had four sons, whose ages differed from each 
other 4 years, and the youngest was half as old as the oldest. 
Required, the age of each. 
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* First, call 4 years, a part ; then, the 3d «on is 1 part, 
the 2d 2, and the first or oldest three parts the most ; hence 3 
parts is the age of the youngest, and 6 parts is the age of the 
oldest,. for one is half as old as the other. 

Consequently, by proportion, their ages, separately, are 12, 
16, 20, and 24 yrs., Ans. 

30. B's age is 1^ the age of A, and C's 2^ the age of both ; 
and the sum of their ages is 93. What is the age of each ? 
 First, 8, A's age. rp. /• ( 62 : 93 : : 8 : 12 yrs., A's age. 

Then, 12, B's " ^ ^®^' "V " : " : : 12 z 18 yrs., B's " 

And 42,C's " Consequently, 30X2^^=^3 

yrs., C's age. 



Hence, 62, their sum. 

31. A hare is 50 of its own leaps before a pointer, and takes 
4 leaps to the pointer's 3 ; but two of the pointer's leaps are 
equal to 3 of the hare's. How many leaps must the pointer 
take to catch the hare ? , 

* First, as 3 : 2 : : 4 : 2§ ; then, 3— 2f =^ of a leap gained 
every 2 leaps : consequently, |^ of a leap at I leap ; hence, 50 
leaps are gained in 300 leape, Ans. 

32. A hare starts 12 rods before a hound, but is not per- 
ceived by him until she has been up 45 seconds ; she scuds 
away at the rate of 10 mUes an hour, and the hound, on view, 
makes after her at the rate of 16 miles an hour. 

In what time will he catch her, and how far will he run ? 

* First, 1 hour=3600s., and 10 miles=3200 rods ; then, if 

she runs in 3600s. : 3200 : : 45s. : 40 rods, plus 12=52 rods, 

the hare gets before the hound starts ; then 16— 10=:6=:1920 

rods gained in 3600s. 

rp. ^„ f i 1920 : 3600 : : 52 : 97^8. in catching the hare. > «3 
1 nen, it ^ ^^^^ . jg ^^^^^ : : 97^ : 2288ft. the hound runs. J ^ 

33. A, B, and C agree to contribute $730 towards the 
building of a church, at the distance of 2 miles from A, 2{ 
miles frpin B, and 3^ miles from C ; and they agree, that their 
shares shall be reciprocally proportional to their distances from 
the church. Required, what each contributes. 

* First, 2X8=J^; then2x8,+7=:^, and 3^=^ ; there- 
fore, the first pays $28 as often as the second $23, and the 
third $16 ; and C=16,+B=23,+A=28,=67. 

67:730 



r 67 : 730 : : 16 ; ^174,32^, C must pay. ) 
Then, if { " : " : : 23 : $250,59|f , B '\ > Ans. 

( " : « : :28:$305,07«, A " J 



Proof, $730. 
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34. The goveraer of a certain garrison, being desirous to 
know how much money the passage of the garrison amounted 
to in a certain time, made choice of a loyal servant, giving him 
orders to receive of every coachman 4 cts., of every horseman 
2 cts., and of every footman ^ a cent. Now, at the end of the 
term, the servant gave the governor $227,50, and let him know 
that as often as 5 passed in coaches, 9 passed on horseback, 
and as oflen as 6 passed on horseback, 10 passed on foot. 

Required, the number of passengers of each kind. 

* First, if 6 : 10 : : 9 : 15 passed on foot b3 often as 9 passed 
on horseback, and 5 passed in coaches ; hence their numbers 
were in proportion to each other as 5, 9, 15 ; and 5 coachmen 
paid 5 times 4 cts.=20 cts. ; 9 horsemen paid 9 times 2 cts. 
=18 cts. ; and 15 footmen paid 15 times j a cent=7j- cts. 
Therefore, the sums which they paid, were in proportion to 
each other, as 20, 18, 7 j-, the sum of which is 45j^ ; conse- 
quently, the coachmen paid ff , the. horsemen paid ff , and the 
footmen {{-. 

Then, if 91:227,50: : 40: $100, all the coachmen paid, 
which divided by 4 cts. 1^^2500 coaches, Ans. 

Also, 91 : 227,50 : : 36 : $90, all the horsemen paid, which 
divided by 2 cts. =4500 horsemen, Ans. 

And, 91 : 227,50 : : 15 : $37,50, all the footmen paid, which 
divided by j- a cent,=750Q footmen, Ans. ' 

35. On a certain day, 20 farmers, 30 merchants, 24 law- 
yers, and 24 tailors, spent at a dinner $64, which was divided 
among them in such a manner, that 4 farmers paid aii much as 
5 merchants, 10 merchants paid as much as 16 lawyers, and 
8 lawyers as much as 12 tailors. How much money did each 
class pay ? 

* First, the number of each class which paid the same, was 
in proportion to each other as 4, 5, 8, 12 ; and as often as 4 
farmers paid $1, 1 farmer paid i of a. dollar, and 20 farmers 
paid -^=$5; and 4 farmers paid $1, and 5 merchants the 
same ; therefore, 30 merchants paid -^=$6. 

And 5 merchants=8 lawyers, hence 24 lawyers=^=:$3. 
And 8 lawyers=12 tailors ; therefore, 24 tailors=f^=:$2. 

Hence the sums which they paid, were in proportion to each 
other as 5, 6, 3, 2, and the sum of these numbers is 16 ; there* 
fore, the farmers paid -j^, the merchants -^, the lawyers -j^, 
and the tailors -^. 
16:64 

Then, if^ „ ; 






: 5 : $20, what the farmers paid. 1 
:6:$24, " merchants " [.^ 
:3:$12, ♦' lawyers " (^"®V 
:2:$ 8, " taUors *' J 
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36. If the earth turns apon its axis, once in 23 hours, 56m., 
4s., and if its circumference is 25000 miles, at what rate per 
hour are the inhabitants of the equator carried 1 

 Thus, 23h. 56m. 4s. : 25000 : : Ih. : lO^HHH ^niles, 
Ans. 

37. If the sun move, every day, one degree, and the moon 
thirteen, and at a certain time the sun be at the beginning of 
Cancer, and in three days after, the moon at the beginning of 
Aries, the plac^ of their next following conjunction is required. 

* There are 30° in a sigp, and the signs Taurus and 
Gemmi occur between Aries and Cancer ; and in 3 days after, 
the moon is at the beginning of Aries ; therefore, the moon 
wanted 39° of Aries ; hence, 129° between the two spheres' 
motions ; and 13 — lzzil2° per^day, one sphere gains upon the 
other, and 129° degrees to be gained. 

Hence, as 12 : 1 : : 129° : 10° 45' of Cancer, Ans. 

38. Suppose .a meteor tQ move parallel to the earth's sur- 
face, and 50 miles from it, at the rate of 20 miles per second. 
In what time would it move round the earth ? 

^ * Suppose the earth's diameter 7964 miles. 

Then, 7964,+50X 2=8064, diameter of the circle describ- 
ed by the meteor. Then, 20 : 8064 : : 3,1416 : 1266,693120, 
which is 21' 6'' 41''' 35"" 13"'" 55""", Ans. 

39. If the mean diameter of the earth's annual path round 
the sun is 191263000 miles, required its mean motion per 
minute ? 

*First, thepath X 3, 1416=600871840, 8m., orbit's circum. 
Then, as 365id. : 600871840,8 : 1 : 1142,44 miles; ai^s. 

40. A and B travel the same dijection for the same place, 
and travel together at B's uniform speed for 9 days, when A 
turned and went back at B's rate of speed. Then turns again 
and pursues B at the rate of 18 miles per day, and overtakes 
him in 22^ days. What is B's rate of speed per day ? 

*Now since they are 9 days in company at their outset, and 
A travels back, and.B keeps on, it shows that B travels 18 days 
the longest in a right line ; and since A overtakes^ B in 22|^ 
days, it shows that 18x22tJ-=405 miles that B travels, and 
22i4"18=40i days in travelling it. 

Then, if 40^ ; 405 : : 1 : 10 miles, Ans. 

41. A and B are on a straight road and on opposite sides 
of a gate ; A is distant from it 308 yards, B 277 yards ; travel- 
ling each towards the gate. A walks 2j^ yds., anid B 2 yards 
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per second. How long must they walk to make their distan- 
ces equal from the gate ? 

♦First, 2j — ^2= J of a yard gained by A per second, — and 
3^—277=31 yds to be gained. 

Then, if ^ : Is. : : 31 : Im. 33s., Ans. 

42. A man is to travel 335 miles ; at the expiration ofx 7 
days he found that the distance which he had to travel was 
equal to ^ of the distance which he had already travelled. 
How many miles per day did he travel ? 

♦Thus, 42 : 7 : : 25 : 4 J, then 4i+7)335(30m. per day,Ans. 

43. A pedestrian, for a wager of $1000 having engaged to 
travel 17 miles in 1 h. 34^ m. finished 10 miles in 1 hi m. 
30 s. and performed the task in Ih. 31 m. It is required to 
know whether he is before or .after time when he h^d finish- 
ed 10 miles, and how much before time when he finished. 

♦First, lh.34^m. : 17. : : Ih. 30s. : 10 miles and 1555^yards, 
then, 10m. 1555yds. — 10m.=1555 yds., after time at the end 
of 10 miles ; and Ih. 34j-m. — Ih* 31m.=:3 j^m. before time 
when he finished. 

Then, if Ih. 34im. : 17 : : 3im. : 1108yds. before time. 

44. There is an Island 50 miles in circumference, and 3 
men start together to travel the same way around it. ' A travels 
7 miles per day, B 8 and C 9. In what time will they be to- 
gether again ; how far and how many times round will each 
travel, and in wjiat time will C catch A the 3d time ? 

♦Thus, 50x7,+50x8,+50X9r=1200, the dividend. 
And 7+8+9=24, the divisor. Then, 24)1200(50 days, 
Ans. 1. 

/ 50X 7z=:350 miles A travels, "| 
Then, ^ 50X8=400 " B " 

(50X9=450 " C " K f fi 

; I before all are 

( 50)350(7 times round A travels | ^^S^^^^^ »«««• 
And, { 50)400(8 " *' B " 

(50)450(9 " " C "J 
Lastly, 9 — 7=2 miles per day that C gains upon A. 
Then, if 2m. : Id. : : 50 : : 25,+50=75 days, to catch A 
the third time. 

45. Suppose two steamboats to start at the samie time from 
/.laces 300 miles apart on the same river, the one proceeding 
up stream is retarded by the current 2 miles per hour, the other 
moving down stream is accelerated the same ; in still water 
their engines propel them 8 miles per hour. Now how far 
from each starting piace will the boats meet ? 
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*First^ both boats in motion-give 16 miles per houf. 
Then, 16-^^2=8, and 8+2z=:lff mile^, the speed of one ; 
then, 8 — 2=6- miles, speed of the other, per hour, 
rpi^ i 16 : 300 : : 10 : : 112|^ miles, one proceeded, ) . 
1 nen, | X6 : 300 : : 6 : : 187 J "the other V J ^^®- 

46. A ship of war sailed with 650 men, aiid provision for a 
cruise of 15 months. At the end of 3 months she captured 
an enemy's vessel, and put75.meii on board of her: Five 
months after, she captured . fuid sunk another vessel, and took 
on board the crew", consisting of 350 men. How long did 
the provision iast from the comlnencement of the cruise ? 

♦Fir9t,15— 3= 12 ; 650^75=575, and 575+350=925. 

Then, if 650 ; 12 : ;575 : 13f| months, the provision would 
last 575, after 75 men w^re put on board of the first prize. 

- Lastly, 13^4—5=8^ ; then, as 575 : SJJ : ; 925 : 5i^m, 
then, 3+54-5^=130 months, Ans. 

47. A ship's crew of 300 men were so-supplied with provis- 
ion for 12 months, that each man was allowed 30 ounces per . 
day ; but after sailing 6 montlxs, they find that 4t will take 9 
months more to iinish their voyage, and 50 of the crew have 
been lo^t. Required *the daily allowance of eatch man for the 
last 9 monthg. 

♦Ijr 6 : 30 : : 9 : 20oz. ; then, 300 : 20 : : 250 : 24oz., Ans. 

48. A,.B, C -and D gained. f 12; A was to have i of it, 
B i, C i, and D i, fl!ow mu<5h has each ? 

•First, ^+i+^+i=fj^, but separately, A A A A» ^^' 
cause JJ is not^ -f • 

12 : : 8 : $4; 571^? belong to A, ) 
: 6 : |3, 428^ *' " B, S a 
:4: $2,285^ *^ " C, C^^^' 
:3:$1, 714^?- " " D, ) 

49. A, B, and C are to share £16Q in the proportion of i, 
^., and* f re^ectively , but C dying, it is required to divide the 
whole sum propjsrly between the oth^r two. 

•Thus, as i^+i : ^100 : : U : 3ig B « ""ZdlA 

^ li:25ffC'sJ 

Hence, i + i :.25|| : :i : im^£, A's part of C's. 
And 42ff+14f«=i£57 2?. lO^d. A's share of the ^100; 
then, j^lOO-^57 2s. l,0id;=i^42 17s. Ifd. B's share, 

50. A gentleman bought a. ch$iise/ horse, and harness for 



Then 
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^100 ; the horse cost j- iaore than the harness, and the chaise 
i more than the horse ; what was the price of each ? 

*First, let the price of the harness consist of 12 parts, then 
the price of the horse would consist of 15 parts, and the chaise 
of 20 parts ; then, 12+15-|-20z=47 parts in all 

{47 : 100 : : 12 : Jf25f^, price of the harness, ) . 
^' : " : : 15 : ^31^, " " " horse, . \ a 
" :" ::20:^42ff, " " "chaise, J^ 

^ 51. A certain sum of money is to be divided between 4 per- 
sons in such a manner that , the first shall have ^ of it, the 
second ^, the thii^d ^, and the fourth the^ remainder,, which 
is $28. What is the sum ? . * 

♦First, i+i+i= A> henoe $28=-^ of the required sum. 
Then, if 3 : 28 : : 12 : $112, Ans. 

52i A received ^ of a legacy, B ^, and C the remainder ; 
and when they had x^ounted what they received, A had $80 
more thiin B. How much did each receive ? 

♦First, A's shwe is^, B's t^, C^s fj ; and -^ — 3^=A> 
^=±$80, and f^=$1200. 

30 : 1200 : : 5 : $200, A's share of the legacy, 
3 : $120, B's^ 
:22:$880, G's 

53. A, B, C, D and E gained $4050^ which was so shared 
that i of A's part is equal to ^ of B*s, ^ of C's, ^ of D*s and ^ 
of E's. How much of the gatin belonged to each ? 

♦First, consider B to have 4 shares, C 5, D 6, arid E 8 ; then, 
A woald have 8, and 8+4+5H-67f 8=31 shares in all. 
' 31 : 4050 : : 8 : $1045^, belonged to A, 
':4; $.522^, " "B, 
Then,if<{": '' : :5: $653^, " " C, J^Ans. 
": " : :6: i783|^, " " D, 
/': "' : :8:$I045^, " " E^ 

54. A owns J of an estate, and B the remainder ; A sells J 
of his part to C, and C sells f of his part to D, who also buys 
j- of A*s remaining part. Reqtiired the- share of. each in the 
estate, and how much they would ^severally receive on selling 
it for $14720? 

♦First, B*d shai^ is { of the estate ; A retains ^ of his 
part of the estate, and C rietams b'ut ^^ of what he receives 
of A, and D receives >^ of it from C, hence A's share is ^j^, 
B'B=^,C'8=if|. andD's=:i^. ' - 



{30: 1200 m 5 : $200, A's share of the legacy, ) . 
": '* : : 3:$120, BV " " *' '' V a- 
": "^::22:$880, G's " " " ." J^ 



A- 
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376 : 14720 : : 44 : $172aM A receive^j ) 

Th^r.\r< " • " •• 32:$1262fffB « f . 
1 nen,ii ^ *« . a . . 193 j $7655fft C " ( •^' 

" : " : :107:$4188^D " 3 

65. A younger brother received $SK200j which was just ^ of 
his elder brother's fortune;^ and 3|^ times the elder's money 
was ^ as nluch again as the fethpr was worth. What was the 
father worth ? 

•First, if 9:2200: : 12: 15280, which. plu^S^ of itself is 

equ^. to $16500= If the father's, fortifne. Ans., $11000. 

• 

56. B delivers to C $1200 to . be inyestedih trade, on condi- 
tion that if C added $500 to it, And gave his time as manager 
he should have f of the gain'; what was'C's time v«Jued at 1 

♦First, if C's time and $500 was equal to f , $1200=f . 
Hence, if 3 : 12 :, :2 : $800, then 800— 500=$300, Ans. 

57. A certain gentleman at the 'time ofrmarriage j^greed.to 
give hitf wife f of his estate, if^ at the time of his decease he 
left only a. daughter, 'and if he left only a son, she should have 
^ of his property ;.but, as it happened,, heieft i son and a daugh- 
ter, by whicii the widow lost ' iit equity $2400 more than if 
there had'been only a daughter. What would'^have been his 
wife's dowry if he had left only a^on ? 

♦As there is a son and a daughter, the son will have f of 
the estate, the wife ^, and the daughter nj-. If there had been 
only a daughter, her share would have been f ; consequently 
she loses § ? =A« 

Hence, if ^ : ^t - • $2400 : $2100, Ans. 

68. A father devised -j^ cyf his estate to one of his sons, and 
■f^ of the remainder to the other, and the residue to his wife. 
The difference of the son's legacies was ^257 3s. 4d. What 
money did he leave for his widow ? ' 

♦If the first maft's share be subtractedfrbni the whole, there 

will remain if-rSV^ii > ^^^ A" ^^4'i=/A"> the second son's 

Ishare. And ^ — Wr=i^^ difference of their legacies ; 'and 

^=if|..; then, if |+7^=:ff|, legacy of. both sons> Hence, 

Mt—fe=*fi, wife's legacy. 

Then, if ^ i ^57 3s. 4d. : : |f J :.£635 Os. lOfJd, Ans. 

69. If A csp. do as inuch w:Qrk in 3 days as B can do in 4^ 
days, and B as.mu<&h in 9 days as C .in 12 days, and C as 
much in 10 days as D in 8 days, how many days w'ork of D 
are equal to 5 days work of A ? 
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I. This and the foUowing^question are Conjoined Propar' 
tianals, and the operations of such^are performed foy cancelling 
equal quantities on both sides, and abbreviating commensur- 
ables. 

U. The first numbers in eaob part of the question are called 
antecedents,' and the fjeWovring^consequents, 

in.. A little consideration will discover the difference in the 
Operation of ^ach, and others of the same nature may be 
treated accordingly. . 

•First, j IxxSx^^S!^''^^^'^^^ *^^ : :5 :8d., Ans. 

60. If 25 pears can hie bought £or 10 lemons, and 28 lem- 
ons for 18 pomegranates, and 1 pomegranate for 48 almonds, 
and 50 almonds for 70 chestnuts, and 108 chestnuts, for 2j^ 
cents, how many pears can be bought for $1,35 cents 1 

#F;r«* i26x28X 1X50X108=3780000. 
'*"** U0X18X48X70X 2i=:;:1512000. 
Then, if 1512000 : 3780000 : : 1,35 : 337^ pears, Ans. 

61. A shepherd beiiig asked^ hoit many sheep he had, said, 
'if I had as many, half as many^ and ^ as many more, I should 
have 264.' How many had he? 

•First, what he had was|-; then, as many,^ as many, and ^ 
as many, is J, and J-|"J=-y',=264.' 
Then, if 11 2 264 :: 4 : 96 sheep, Ans. 

62. A man that was feeding his geese, was accosted by an- 
other with '^Good morning i with your hundred* g^ese." He 
replied — ^I have not a hundred, but if I had half as many more 
as I now have, and two geese and a half, I should have a hun- 
dred. How many had he ? 

♦First, 100— 2J=97i, and 97i,z^S' halves. 
Hence, as 3 : 97^ 2 : 2 : 65 geese, Ans. 

63. If 18 grains of silver will make a thimble, and 12dwt. a 
teaspoon, how many thimbles and teaspoons, of each an 
equal number, can be made from 15oz. 6dwt.? : - 

•First, one thimBle'and one teaspooii=306 grains, and 15oz. 
6dwt.=7344 grains ; then, as 306 : 1 : : 7344 :24, Ans. 

64; Three men met at an Inn, two of them brought {U'ovision 
with them ; but the third not having any, proposed to the other 
two that they should eat together, and- he would pay them for 
his proportion. This b^ing agreed to, A produced 5 loaves, 
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a&d B 3 loaves, which they eat together, and C paid 8 equal 
pieces -of money a^ the value of his share ; how much of the pay 
should A and B severally have ? 

♦First, 3-(-5=8 loaves ; then, if 8 : 3 men : : 3 loaves : 1^, 
therefore,. B produced i more' than he eat, and each eat f ; 
hence, B should have i of the money which is 1 piece, atid A 
the remainder. .' - ' 

65. If 20 feet of iron railing weigh lOOOlbs. when the bars 
are 1 j^ inch square, what will 50 feet come to at 9f cts. per lb. 
when the bars are i of an inch square? 

•F.irst, 50=20 X2i; then, lf^X8=lQ, and 10x10=^*^, 
I Xi=^; then, if 100 1 1000 : 49 : : 4901bs.,=20ft. of the i 
inch square; then, 490x2i=12251bs. ; then, 12251bs.X9| 
cts.i=$119,4375, Ans. 

66. A bought C's drove of swine^ giving 188. for hogs, 16s. 
for sows, and 2s. for pigs ; there were as many hogs as sows, 
and for every sow ther^e were 3 pigs, worth in all <£59. How 
many was there of each 1   \ 

♦Thus, 18s.+16s.-f-6s.==40s., cost of 5 swine. 
Then, if 40s. : 5 : o^50 : 125 swine in all. 
Andif 5:125: :3: 75 pig^, then 125— 75=50 hogs and 
sows, and 50-5-2=25 of either. 

67. A ^ith an intention to clear 30 guineas, .(22s. 9d. 
each) on a bargain Svith {f, rates hops at 16d. per lb. that cost 
him but lOd. per lb. B apprised of this, set down malt, 
that cost him J Os. lOd. per barrel, at an adequate price. 
How much malt did they contract for ? 

♦First, if 10d.:16:10s.l0d. :17is.,then 17Js.— 10s. lOd. 
=6 Js. gain per barrel to be adequate to A's barter price, and 
as many barrels are contracted for as 6j<s. is contain^ times 
in the 30 guineas; hence 30 guineas-7-6j-s.= 105 barrels, Ans. 

68. A man lays out 30 cents for apples and pears, buying 
his ap][>les at 4, and his pears at & for a cent, and afterwards 
sold i of his apples, and ^ of his pears for 13 cents,^ which was 
the prime cost. I demand the number he bought of each ? 

♦If ^-1-^:1^ f : J-f ^X2 :.26 cts.,then 3Q— 26=4cts. that J of 
the peats Cost ; then f :z^l2cts., paid for pears ; then 12X5= 
60 pears bought; then30— 12=18 j and 18cts.X 4=72 apples. 

69. A person- found two. sums of money ; -|- of the first added 
to^.of the second was $120, the tiyo. ^Ums together were 
$400. What was each sum ? : . . 
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•Thui;, i^i : 190 : : |+t : 1360, and 400— 960=940=i 
of the first sum; then 40x4=$ 160, the first sum. 
Lastly, 400 — 160=(240, the second sum. 

70. A gentleman had £7 17s. 6d. to pay among his labor- 
ers; to every boy he paid 6d., to every woman 8d., and tp ev- 
ery man 16d. ; there was 1 boy to 3 women, 1 woman to 9 
meui What was the number of each 2 
•First iJ^y> "!■ ^ women, -{- 6 men, = 10 persons. 

' 6d. + 24d. -f.96d. =126d. 

Then, if 126d. : 10 personal, : z£7 17s. 6! : 150 persons in all ; 
and, if 10 : 150 : : 1^:15 boys, then 15X3=45 women, then 
45X2=90 men. 

* » 

71.' Sold a piece of cloth for 850 guineas, and gained upon 
every yard j- the prime cost of an eU English. Required the 
cost of the piece. 

•1 ell Eng.=5qr. X 1 5, +32 37, cost and gain. 

1 yard . =4qr,X8 " 32 "" 32, cost.. 

That is, 850 guineas=^f892J=4J. 
Then, if.37: 892i: :.32: .£771 17s. lO^d. cost, Ans. 

72. A paid $50 for linen and cotton, cloth, paying a dollar 
for 3 yards of linen, the samefor 5 yards of cotton ; he after- 
wards sold i of his linen and -^ of bis cotton for $12, which was 
60 cents more than it cost ; how much of each did he pur- 
chase? 
•First, $12— 60cta.=$ll,40, cost of ^, and i: 
Then, if i+i : 1 1 ,4 : : ^-^^ : $45,60, cost of the lin|^ and |> 
of the cotton ; then, $50 — ^$45,60= $4,40, price of the cotton's 

ipart; hence $4,40X5= $22, paid for cotton, and $50 less 
223t$28,paid for li^en; then, $22X5=110 yds. of cotton ; 
and $28 X 3=84y ds. of- linen. ; 

7^. Bought 4 quantity of linen, at .12s. 8d, for 3 yds.,' and 
by selling it at 32s. 8d..for 7 yds., I gained as much as 24 yds. 
cost. Required^ the number of yards bought. 

• First, if 3 : 12s. 8d. : :7 :<£! 9b. 6Jd. [ then 32§s.— 1^9s. 
6§d.=3s. 2id. If 3s. ^^d: : 7 : : 4s. 2|dX24 : 224 yds;, Ans. 

74. Laid out in a lot:of musHn, ^500, upon examination of 
which, 3 parts in 9 proved damaged, so that I could make but 
5s. a yard of the same^; and by so doing, find I lost j^50 by- it. 
At what' rate per ell Eng. acm •! to part with the undamaged 
muslin, in order to gain <£50 upon the whole^ 
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* Firdt, if 3:j^50^: : 9 : j^150, Josd on j^500, at J^50per 3 
parts, then 500 — 150=^350 that 9 parts cost, at 5s. a yard. 

Then, ^350X208.-t-5s.=1400 yards in all. 

And, if 9 : 1400 : : 3 : 466f yards of damaged muslin* 

Then, 1400 — 166f =933^ yards undama^. 

Also, 933iX4,-r5=746| ells Eng. ' 

Then, 466f X5s.=zi£U6 13^s., cost of 3 parts at 58. a yard; 
then, ^500+^50,— >£1 16 134s.=jf433 6fs., cost of the 6 
undamaged parts. ^ 

And ^433 6§s.-i-746f =lls. 7f d. per ell Eng., Ans. 

75. A gay young fellpw soon got the better .off of his for- 
tune ; he then gave 1^1500 for a commission, and his profusion 
continued till he had but $450. left, which he found to be just 
f of his money, after .the purchase of his commission. What 
waa his fortune at first? 

♦Thus, as 3:450: :8:1200, and 1800+ 1500= $2700, 
equal f of hjs fortune ; then, as 5 :.2700 : : 7 : $3780, Ans. 

76. A, B, C, and "D spend 35s. at a reckoning, and being a 
little dipped, agreed that A shoidd pay f ^ B ^, C ^, and D {, 

Now, what should each pay ? ' 

» Thus, g-i H i +l=H, ^^ severally, A A A A, for 
U=Hi=i plus U. 
21:35b, 

Then, as 






:8 : 13s. 4d. A should pay. 
:6:10s. Od. B " V . 

: 4 : 6s. 8d. C " . '^ ^'^®- 



:3: 5s.0d. D 

. 77. A person having spent in one year all his income; and 
^ as much more, found that by saving ^ of his income after- 
ward, Jie could msJce good the deficiency in 4yrs., and have 
$20 left. Required, his income.. 

* Now, 1^ of his annual income, for 4 years, is -^ of it for 
1 year; and i^ of 1 year's income, is $20 more than ^ of it; 
therefore, $20 is ^^ of his income. 
' Hence, if 60 : 20 : : 60 X 60 : $ 1200, Ans. 
, 78. A merchant begins the world with $1500, and finds that 
by his distillery, he clears $1500 in 7 years ;^ by his naviga- 
tion, $1500 in 9 years ; and that he spent in gaming, $1500 
in 3^ years. Ilow long will his estate last? 

( 7 : 1500 : : 1 : $214f ) And 214# + 166f = $380ff . 
♦If<^ : " : :l':$166f (gain, and 428^ — 380f^ = 

J r z C147-AV, sp^ttt more, than his 

Thra, if 47^ : lyr. : : 1500 }31^ years, Ans. 
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79. A father dying, left his son a fortune, j- of which he 
spent in 8 months ; f of the remainder iasted him 12 months 
longer, after which he had only $1200^1eft. How much did 
his father leave to hin^? 

* After spending ^, the remainder is f . • 

Hence, if 4 : 1200 : : 7 : $2100, left after spending i of the 
fortune ,- then, if 3 : 2100 : : 4 : 2800, Ans. 

80. The sides of two square pieces of ground are as 3 to 5, 
and the sum of their superficial contents is 30600 square feet. 
What is the length of a side of each piece ? 

•Thus, 3X3=9; then 5X5=25 j and 25+9=34; and 
as 34:30600: :9:8100, and \/8100=90 feet, side of the 
smaller piece ; then, if 34 : 3060Q : : 25 : 2250, and ^/2250= 
150 feet, side of the greater. 

81. G and H buy 48 acres of land, Bt $12 per acre, of which 
H is to have a piece containing ^12 acres, which G and H 
think to be i better than 12 of the 36 acres that G is to have. 
How much should each pay ? - 

* Since G*s land is f of the whole, he receives f of the ^ 
better ; and 48X12= $576, the land cost; and i of thp cost 
of 1 acre, is $4, and 12x4=:$48, f of which is paid by H; 
also, 12X12=$144,+36=$180, paid by H; thm, if 48: 
576 : : 36 :432, then 432— 36= $396, paid by G. 

82. A and B purchased 20 acres and 72 rods of land, at 
$25, 57 cts. per acre. By agreement, A was to have 6 acres 
and 12 rods of the land, «nd B the remainder, and pay $4 per 
acre more than A. How much did each man's land cost him 
per acrfe? 

* $25, 57 cts.X20,45=$522,906, cost of the land; and 
acres 20,45—^,075=14, 375 acres, belong to B ; and 14,375 
X$4:f=$57,50 cts., extra price of B's land ; then, 522,906— 
57,5=$465,406-|-, and 465,406-7-20,45= $22,75 cts., 8 m., 
A's land cost him per acre. 22,758+4=$86,75 cts., 8 m., 
B's land cost him per acrer 

83. B and C bought 1200 acres of land, at $1 per acre, 
each paying $600. Sometime after, C on viewing it, offers to 
take a certain square piece at' $1,75 cts. per^acre, to the a- 
mount of his advance, to which B Qonsents. How many 
acres will eaeli have ? What is the length pf each side of G's 
lot, and what does B's land co^t him per acre ? 

* First, if $1,76:1 : : 600: 342 acres, 3 roods, 17^ rod8,C 
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has, and 1300 acres less C'spa3rt=857 acres, 22f rods B has ; 
and 857 acres 22f rods : $600: :1 :70 cts. per acre, B's; 
\/342 acres 3 roods, 17^ rods,=^34 rods 3 fl. 6f inches, 
length of either side of C's lot. 

Remarks. — ^Most of the preceding and following questions 
are of different natures, and the solution of each may be used 
as a model for solving all others of the same nature. «;;£D 

' Teachers having pupils to instruct in Arithmetic, would do 
well to class them, as in reaching ; and after placing the solu- 
tion of these questions upon the Black-board, they should be 
required to ask each other the reason of each step in the opera- 
tion. This will enable teachers to be more thorough in giviii^ 
their instructions, and will incite piipils to greater diligence. 



PERCENTAGE PROPORTIONALS, 

AND SfOCB INTERESTING AND INTRICATE aUESTIONS AS OFTEN 
bCCUR IN SCHOOlil, RANKED IN^CLASSES. 

Remark.— rTeachers of common schools,- en masse, readily 
agree, that matter of an intricate nature, in the various works 
on Arithmetic, has ever been a greater check to the progress 
of pupils in this, science, than parents and guardians generally 
are aware. And since the preceding and following questions 
are placed within the comprehension of the common scholar, 
it is presumed they must be interested with,, and immediately 
engage in the study of what were once objiects of dread, but 
now rendered subjects of pleasure and profit^ by which prin- 
ciples are illustrated ; and hence, the best source for obtaining 
a practical knowledge of figures ; for, if pupils can thoroughly 
analyse intricate questions^ m all their variety, it is presumed 
they will readily perform all practical questiois.^^ 

r I. LOSS AND GAIN. 

CliASS I. 

Required to find the gain or loss per cent, 

EXAM]^LES« 

1, A stationer sold quills at $1,83^ cts. per thousand, by 
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which he cleared f df the money ; but, as they grew scarcer, 
he raised them to $2,25 cts. per thousand. What did he clear 
per cent, by the latter price ? 

* First, 183^X3-1-3=681 cts., first gain ; hence, $1,14^, 
first cost; then, 225— 114<]^=:$1,10^ cts., last gain per 
thousand. 

Then, if $1,14^ : $1,10^V • • ^1^0 : $96,36^^: cts., Ans. 

2. A bought of B a lot of lamb's wool, washed, weighing 
2720 lbs., at 46|- cts per lb. ; but thinking it was not sufficient- 
ly dry, he takes it only on condition that a parcel be dried, and 
by that the state of the whole be determined. On trial, the 
loss was ascertained, and deduction made as stipulated, when 
A paid B $1169,94 cts. in full. Required, the percentage 
lost by drying. 

* Thus, 2720 X i6i= $1264,80 cts., its cost when not 
dried ; then, 1264,80— 1169,94z= $94,86 cts., itsloss by being 
dried. 

Then, if 1^64,80 : 94,86 : : 100 : 7^ pei^ cent, Ans. 

3. What would be the duty on a piece of flannel 30 yards long 
and 42 inches wide, if it was estimated at 40 cents per square 
yard, and 30 per cent, ad vahrem* and what percentage 
would it pay on the original cost, if charged at 15d. sterling 
per yard? 

* First, 15d. sterling=27 cts. 8m., and 30 yards long, and 
42 inches wide=:35 square yards of flannel ; then, $0,278x35 
=$9,73 cts., its extra cost, and cts. 40X35 yds.=:$14, its 
cost, and 14+9,73= $23,73 cts., and 23,73-^35= $0,6762. 

m, -f I ^^ ^*^- • 30"per cent. : : $0,6762 : 50 per cent., Ans. 
1 nen, ii ^ ^^^^ . ^ . . ^ ^^ . ^^.^^ ^^ ^ ^^^^^ ^^^ 

4. Bought 30 hhds. of molasses, for $600 '; paid in duties, 
$20,66 cts. ; Freight, $40,78 cts. ; storage, $6,5 cts., and in- 
surance, $30,84 cts. If I sell it at $26 per hhd., what will be 
gained per cent ? 

* Its cost and expense, $698,33 cts. ; it sold for $780, and 
698,33— 780= $81, 67 cts., gained. 

Then, as $698,33 cts. : $81,67 cts. : : $100 : $11,69+, Ans. 

5. A house completely finished, cost the owner $12894; it 
is 4 stories high> and ihe ground floor is divided into two shops, 
one of which is let at $225, the other at $200 a year ; the 3 

* M valorem if a Latin word, which ngnifies according to vafo«. ^ 
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upper stories are let for $450 a year, the annual expense for 
repairs, is $36,89 cts. What per cent, does the house pay ? 

*^The rent is $875, and 875— 36,89= $838, 11 cts. 

Then, if $12894 : $838,11 : : $100 : $6,50 per cent., Ans. 

6. A bought flour Tor cash, and sold it to B at an advance. 
B sold it to C at 10 per cent., advance, and C sold it to D at 
$71,28 cts. advance, equal to 12 per cent, profit, which was 
4 per centt niore than A made, though he bought it at $5 per 
barrel. Required, B'9 gain, how much C received, and the 
number of barrels in the lot ? 

 Since C gained 12 per cent., which was 4 per cent, more 
than A made, it shows that A gained 8 per cent., and sold it 
to B at $5,40 cts. per barrel, and B sold it to C at 10 per cent, 
profit ; hence C paid $5,94 cts. per barrel. Then, if $1, : 12 
cts. : : $5,94 cts. : $0,7128, C'sgain per barrel, on selling it to 
D. And, if $0,7128 : 1 bbl. : :|71,28 cts. : 100 bbls., Ans. 3. 
And since it cost C $5,94 cts., and he gained $0,7128, it 
stood D $6,6528 per barrel ; and $665,28 cts. per 100 barrels, 
Ans. 2. And since it stood B $5,40 cts., and C $5,94 cts. 
p^er barrel, say 5,94 — 5,40==54 cts., B gained per barrel; 
hence, $54 per hund. bbls., Ans. 1. 

CLASS II. 

Required to know how cm article must be sold to gain or lose 
so much per cent, 

EXAMPLES. 

1. Bought a pipe of wine, containing 126 gallonsy at 10s. 
per gallon, but, by accident, 16 gallons leaked out. At what 
rate must the remainder be sold per gallon, to gain on the 
whole prime cost, at the rate oT 12^ per cent ? 

 First, 126 gallons, worth $210, and 126^16=110 gal- 
lons not leaked out ; then, if 100 : 112,5 : : 210 : $236,25 cts., 
what it must sell for, and 236,25^1 10= $2, 14 cts. 7m. per 
gallon, Ans. 

2. B imported 10 tons of iron, at $95 per ton, sundry ex- 
penses were $170. At what rate per lb. must he sell it to gain 
20 per cent.? 

 Cost and expense, $1120, and 10 T.=22400 lbs. 
Then, if 100 : 120 : : 1120 : $1344, and $13444-^400=6 

cents per pound, Ans. 
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3. How should fish be rated, which is now worth in Boston 
15s. per quintal, so that by selling it on 9 months credit, there 
may be 15 per cent gain, after allowing 5 per cent discount 
for present payment ? 

* As 100 : 100+15+6 : : 15 : 18.15s. 

Interest of 100 at 5 per cent, for 9 months, is 3.75. ' 

Hence, as 100 : 3,75 : : 18.15 : ,68025s. discount. 

Then, 18. 15+,68025= 18.8306258., Ans. 

CLASS III. 

Required the cost of an article, when there is gained or lost 
so much per cent, 

EXAMPLES. 

1. A merchant receives three kinds of flour ; from A he re- 
ceives 20 barrels, from B 25 barrels, and from C 40 barrels. 
He finds that A's flour is 10 per cent, better than B's, and 
that B's is 20 per cent better than C's. He sells the whole at 
$6 per barrel. What in justice should each man receive ? 



• 



A20X$132i=|2640 
B 25Xll20=$3000 
C 40Xf 100=84000 



10 per cent, on f 120=$132, 85 
bbls.Xf6=$510, it sold for? 



85 bbls. $9640 



( 9640 : f 510 : : at)4U : *i;59J|+, a receives. \ 
Then, as { " : " :: 3000: $158^ Jf, B " S Ans. 

( " : " : : 4000: $211^1, C " j 

2. A bought a house for $1575, and repaired it for D, who 
agreed to. pay him a rent of $220 per annum, which was 12 
per cent, for his money that he paid for the house and its re- 
pair. What was the cost of repairing iti 

* If 12 : 100 : : 220 : $1833^, which less 1575=$258i, Ans. 

3. A father lefl two sons, the one 11 and the other 16 years 
of age, $10000, to be divided so that each share^ being put to 
interest at 5 pej cent., might amount to equal sums when they 
would be respectively 21 years of age. Required, the share of 
each? 

* Now it is evident that the youngest son must have less 
than half the $10000, because his share will be at interest 10 
years, and the sh^re of the oldest only 5 years. And the a- 
mount of $1 for 10 years, at 5 per cent., is $1,50; and the 



amount^of $1 for& yettfs, atSper cent., is $1,^. 1,50-^1,^ 
is 2,75.  . --•.•..••■ 

rp. i 2,75 : iOOOO : : 1,50 : $5454Aithfe older's siiare. ) ri 
ineu, ^ ,, , « . . J 2^ . 14545:^ ^th^ ydUnger's. J ^ 

4. A dnd B .cleared by an adventure at sea, 45 guineas, 
which was 35 per cent, upon the money'advanced^ and with 
which they agreed to purchase a. genteel horse ajgid carriage, 
whereof th^y werte to have the use /in proportion to the ^ums 
adventured, which was found to be 11 to' A, as often. aS 8 to 
B. How much did^each adventure ? ^ 

 Each guineaz=^lf , and 45X14=^6*. 11+8=19. 
And, if 35 ; 68 : : 100 : ,£180 adventured. 

«,, r i 19 : 180 : •/& : ^75 15s. O^^d., B adventured. > « 
men, 11^ " : " : : II ; .£104 4s. 2i^d., A " ) < 

5. Aliad' 12! pipes of wine, which he parted with to B at 4^ 
per cent^ profit, who sold.them4o GTor $40,60 advantage ; C 
made them over to D for $605,50, and cleared thereby 6 per 
cent.\ How much per gallon did this wine cost?; 

* 12 pipes=:1512 gallons. If L06 : 100 : : 605,50 : ^ 
$571,2264^ which less $40,60=zf 530,6264, it cost B. 

Then, if 104,5 : 100 : : 530,6264 : $510,1215. 

And 510,1215-hl512=33|i^ cts., Ans. V 

6: Q owns f of ^, and ^"of -^ of the other ^ of an individ- 
ual estate. Suppose this estate rents for $1556,94, being 
equal to 6 per c^it. per annum on its value, and that he sells 
J- of his part on such terms as to yield the purchaser 8 per 
Eent. per annum on his payment^- How much does G receive, 
and what share has he now iQ the estate 1 ' 

 First, f. of 2^=1, and ^ oi ^ of J^^ij^. 

Th^n, T'A+i= A^» ^d T%-^2=^, G' owns of the estate. 
• And, if 154 : 1556,94 : : 17 : $171,87. 
Then, if 8 : 100 : : 171,87 : $2148,37^^ G receives, Ans. 1 . 

7. A, on preparing for a voy^e to Calcutta, purchased of 
G, specie dollars, to be paid in 18^ months, with interest. 
Supposing the.premiubi on the dollars to be 3 per cent., and 
that G would have 5 -per cent, per annum for the use of his 
money to be inserted in the note, which was given for $22145. 
I would know the sunl purchased. 

* The interest of 3 per cent, at 5 per cent.', for 18 months, 
is ,225, and the interest of $100, for 18 mon.ths, at 5 per cent., 
is $7,50. 
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Tim, if ia0+7,5+a^,a95 : lOQ : :^145 : iSMKMo/ Aim. 

6. Sold a horse for $60, and by so doing lost 30 per 
cent., whereas, I ought to have gained 90 per cent. Wh^i 
was the real value of the horse ? 

• If 109^20 : 60 :: 100 : $75. 

And» if 100 : 130 : : 75 : $97,50 cts., Ans. 

0. B owns ^ of a ship, which cost him $3691, and sells |of 
his part to C, at 12 per cent, adyahce. Required, the share 
of each in the ship, the cost of C's part, and how much B'i 
part stands him. 

 If 8 : 3691 : : 3 : $1384,125=^f of $3691, 

And, if 100 : 112 : : 1384,125 : $1559,22, C's^part cost him. 

1550,22— 1384,125=166,005, ffiixd 3691— 166,Q95:^$3524r 
905, B's part stands him. x  . ^ 

Aad.C's part is % of ^^ A- And B's part is |^ of f — if 

10. A bought ff of a stored and soon after he paid 
$1230,075, for -^ of the same, which was at 10 per cent, a^** 
vance on the rate of th,e j&rst purchase ; and. to own the whole, 
he bought the remainder at 25 per cent, advance on it. What 
did the store cost him? 

 If 110 : 100 : : 1230,075 : $1118,25^ first purchase cost of 
7 shares. 

And, if 7 : 1118,25 : : 25 : $3993,75, cost of 25 shares. 
Then, if 7 : 1118,25 ; : 5 : $798,75, first purchase cost of 5 
shares. 

And, if 100 : 125 : : 798,75 :f 998,4375, cost or5 shares. 
Then, 3993,75+ 1230,075+998,4375= $6222,2625, Ans. 

CLASS IV. • •  

Required to know what would he gaintd or lost per cent, hy 
goods sold at another rate, when there is gained or hst so much 
per cent, by being sold at a certain rate, > 

• ~ EXAMPLES. 

1. If by selling goods at 2s. 3d. per lb., I cl^ar cent per 
cent., what do I clear per cent, by selling them at 9 guineas 
per cwt. ? . - 

 2s. 3d.=27d., 9 gumeas is 2268d. ; 2268-M12=20fd. 
per lb., and cent per cent, is 2 ceats received for every 
cent laid out; then, if 27:200, cent per cent. : : 20^^150, 
and 150 — 100cs50 per eent.. Am. 



2. If hy selliBg goods at'$2j^ per ewt. I giLift SO pet cent., 
what do I gain or loser per cemt., by selling them at $2j^ per 
cwt. ? . . • ^ > 

•irt2,5:15JO: :a,25:ia8, and icfe— 100=8 per cent, 
gain, Ans, 

3. If wine, add at $1,50 p^ gallon, l^e 15 per cent. proiU, 
what would be the gain or loss per o^t; if sold ait $1,25 per 
gallon 1 . ' . , ^ . 

* If 115 :100 : : 150 : $1,30^,. first cost jper gallon. 

And 130J5 — 125=5 j^fcts., loss on its cost at the other rate. 
Then, if 130JJ : 5^4 • • IW : $4,16f , loss per cent., Ans. 

4. Bought 126 gallons of rum, for $110. , How much water 
must be added to reduce the first cost to 75 cts. per gallon ? 

* If 75 cts. buy 1 gdlon, how many gallons will $110 buy ? 
From this result, subtract the 126 gallons^ and you have 

2Qf gallpiis, tke answer. 

5. Bought 115 gallon^ of witiie, at $1,10 per gallon. How 
many gallims of water ihust be added, so 95 to gain $5 by sel- 
ling it at $1 per gall<m ? - 

* 1 15 X 1 10, its cost, which plus $5=t $ 181^ . 

Theg, as" $1 : 1 gal. : : $131.^ : 131 J gallons of the mixture ; 

and 131^^-115=16^ gallons of water, Ans. 

■< 

. 6. A merchant bought goods ^ to the amount of ^$3172, 
which he sold at a loss of 12^ per cent., and invested the pro- 
ceeds of the sale in other goods, which he sold at 13 per cent, 
.profit. Did he gain or lose by these transactions, and how 
much per cent. ? . ^ 

* 100 : 1 00—12,5 : : 3472 : $3038 left. 

And, if 100 : 113 : : 3038 : $3432,94, and 3472—3432,04 
=$39,06, loss, and consequently, 1^^ per cent., Ans. 



II. PARTNERSHIP. 



JES^Al^liES. 



1. A clears $13 in 6 months, B $18 in 5 m., and C $23 in 9 
m., his stock being $72j^. What then is the general steak 7 
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om. . , lO I gipycy en fit- a 

Then,a-l(»,13,V:5m.j :18 .g^^^^^s" 

2. A and B commence trade in company-; A advanced at 
first $500, and B $750 ; at the end of 4 months, A adds $600 
to his stock. What sum miist B advance at the same time, to 
entitle him at the end of the year to equal profits with A ?- 

reciOX 8=4800) 
• First, { 500X12=6000 } And 6000+4800,^9000=1800. 
1750X12=9000) 

Then, if{ 1^^«^ } :1800: : {^^ } :$225, Ans. ' 

Principle .^ — Hence it is evident, that when the times are 
equaJy the shares of the gain or ioss are as the stocks ; and when 
the stocks are equal, the shares are as the times ; but when 
neither are equal, the shares must he as their ^products, 

3. A, B, C, and D companied, and. gained a sum of money, 
of which A, B, and C took $300; B, C, and D $400 ; C, D, 
and A, $380 ; and D, A, and B, $300. What Was the gain 
of each? 

•300+400+380+360,-^-3= $480, the s^m gained. / 
And 480— 400=$80, A'sgain ; 480^-380=$ 100, B*s gain. 
Then, 480— 360=$120, C's gain ; 480— 300=; $180, D's 
gain. 

4. A and B commenced business with equal sums of money. 
A gained a sum equal to ^ of his stock, but B lost $200, and 
then had only half as much as A. Wh^t was the original 
stock of each ? . 

* The stock of each=|; | of either's stock, aiid $200=^ 
as much as A's stock and gain, which is f ; and 3's^stock less 
$200=f , hence $200=f of either's stock, and consequently, 
$500 cither's original stock. 

5. A,B, and C put in $720,, and gained $540, of which so 
often as A took $3, B took $5, and C $7: What did each 
put in and gain ? . 

* Find a multiplicand to be multiplied by the given prbpor- 
tions, thus, 3+5+7)720(48, multiplicand to find the stocks. 

And 3+5+7)540(36^ multiplicand to find the gains, 



{ 48X3=f 144, A's stock. ( 36 X 3==$ 108, A'^ gain 
Then, { " ><S=$240, B's ** md { « XS=$180,B's *' 
( "X7=$S36,CV " ( « X7=:*^2,C's « 

6. A, B, and C companied, and put in together $1911. A's 
money wa& in 3 months, B's 5 m., and C's 7 m. ; they gained 
$il7, which was so divided as that ^ of A's gain was equal to 
i of B's, .and ^ of C's gain. What did each gain and put in ? 

• Suppose A's gain wad $3, then B's must have beeii $8, 
and C's f 4, by the question. r2 : $26, A's gain. 

Then, as 2-f 3+4 : $117 : : { 3 : $39, B's " 

' ' . (4: $52, C's '' . 

 Then divide each man's gain by his time ^ and as the sum 
of these quotients is to each particular quotient, so is the whole 
stock to each man's particular stock. 

^ 

7. C, D, and E company, and put in together $3860 ; C*s 
money was in 3 months, D'.s was in 5 months, and E's was in 
7 months ; they gained $234, which was so divided, that ^ of 
C's gain was eqUal to 4 of D's, and ^ of D's was equal to J of 
E's. ' What did each put in and gain ? - 

* First, dlow C 2 shares, D 3 shares, and E 4 shares, llie 
sum of which would be 9 shares in all;. 

r9 :234 : :2 : $ 52, C's gain. ) 

Then, as ^ " : " : : 3 : $ 78, D's " \ Ans. 

I" : " : :4: $104, E's " ) 

Then, $52-r-3 months=17^, and $78-r5 months=15f, 
arid $l04-T-7 tnonths=14f ; then 17^-j- 15*4-144=47^. 

/.47^ : 17^ : : 3860 1$1400, C put in. \ 
And, if { " :15|: : " :$1260, b " VAns. 

( " :14^: I " :$1200,E " ) 

8. Three men engage in partnership for 20 months. A lit 
first put into the firm $4000/ and< at the end of 4 months he 
put in $500 more ; but at the end of 16 months, he took out 
$1000. B at first put in $3000, but at the end of 10 months, 
he took out $1500, andi at the end of 14 months, he put in 
$3000. C at first put in 2000, and at the end of 6 months, 
he put in $2000 more, and at the end of 14 months, he put in 
$2000 more ; but at the end of 16 months, he took out $ 1600. 
They gained by. trade $4420. What is each man's share of 
the gain 7 
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* $4000 for 4 months, f9 $100 for 160^ months. $4000 -f 
$500=$4500 lor 12 months, js $100 for 540 months ; and 
$4500— $1000z=i$3500 for 4 months, is $100 for 140 months. 
A may therefore be considered as having $100 in trade, 160-|- 
540-1- 140z=840 months. Again, $3000 for 10 months, is 
$ 100 for 300 months. $3000— $ 1500=$ 1500 for 4 months, 
is $100 for 60 months. $1500+ $3000= $4500 for 6 months, 
is $100 for 270 months. B may therefore 'he considered as 
having $100 in trade for 300-|-60-|-270=630 months. Again, 
$2000 for 6 months, is $100 fgr 120 months. $2000+$2000 
=$4000 for 8 months, is $100 for 320 months. $4000+ 
$2000= $6000 for 2 months, js $100 for 120 months. $6000 
—$1500= $4500 for 4 months, is $100 for 180 months. C 
may therefore be considered as having $100 in trade for 120 
+320+120+180=740 months. ^ The sum of A, B, and C's 
time is 840+630+740=22 1 months. A's share of the gain 
will therefore be ^^ of $4420 ; B's share, ^^ of $4420 ; 
and C's share, j^-fij of $4420. 



( 2210 : $4420 : : 840 : $1680, A.'s gam. ) 
Then, as ^ " : " :: 630: $1260, B's " S Ans. 

( " : *' : : 740: $1480, C's '' ) 

9. A and B hire a coach in Portland, to go 7i miles, for 
$25, with the privilege of taking in three more persons. Hav- 
ing gone 20 miles, they take in C ; on their return, they ad- 
mit. D ; and within 30 miles of the city, they permit £ to join 
them. How much shall each man pay ? 

* A and 9 had the use of the coach for the first 20 miles, 
for which they pay -j^^^ of $25i=$3.47,2f ; therefore, the share 
of each, for the distance, is ^ of $3.47,2f =^$1.73,6^^. For the 
next 52 miles, the coach was occupied by A, B, and C. - The 
expense of the coach, for this distance, was $9.02,7J, it being 
yy5+?^ =-^\ of $25, of which each paid i= $3.00,9^. For 
the next 42 miles, there were four passengers. A, B, C, and D. 
The expense for this distance, was -^ of $25=$7.29,lf , 
and each of the four passengers paid $1.82,2-}^. Tor the re- 
maining part of the distance, 30 miles, the expense was -^^ of 
$25= $5.20,8^ ; and as £ has joined them, each person bears 
^ of the expense for this distance, $1.04, If. Thus, we per- 
ceive that A and B,each, pays$L73^+$3.00,9^+$1.82,- 
2ii+$1.04,lf=$7.60,94^f. 

C pays $3.00,9^+$1.82,2ii+$1.04,lf=$5.87,3AV- 
D pays $l.S2,^+$1.04,lf=$2.86,4T5^ J and 

E pays $1.04,1 §. 

" [{!Cf^ Se* the next poffc] 



FOSU OP STATEMKNT. 

VX*,+i¥J-X*,+-^Xi,-NVtXi k, A's product. 

VXJ,+-AVXi,+TttXi,+-ftVXi W B's product. 

i^Xh+^Xh-hh\Xi t, C's product. 

T^Xi.-HVtXi >e, D's product. 

-^Xi ^, E's product. 

^g, Sum of ithe 
products. 
$7.60.9^1, A's expense. 1 



f 1738:*25: :526; 



if^- " : " : :4i 

1 ;:;:;;;'; 



J5.87.3M. C's 
«l.04.1#, E's 



m. BARTER. 

EXAMPLES. 

1 . G received from H 760 lbs. of rough tallow, to try out, at 
60 cts. per lOOlb. clear, and was to take his pay in rough tallow, 
at 8 cts. per lb. ; G returned 615 lbs. clear, and H paid the 
balance due to'G in rough tallow. .Allowing IS per cent, for 
waste, what was the balance due to G ? 

• Thus, as 100—18, : 100 : : 615 : 750, then 760—750=10 
lb. not tried out ; then, 100:60: : 615 : $3,69, which will pay 
for 46^ lbs. rough, which, less the 10 lb. that remains in G's 
hands, shows the balance due to G is 36^ lbs., Ans. 

2. A has a chest of tea, weighing 3^ cwt., the prime cost of 
which is ^60. Now allowing interest at 6 per cent, per an- 
num, how must he rate it per lb. to B, so that by taking his 
note of hand, payable at 6 months, he may clear $50 by the 
bargain J 

• Int.=^ 6s., and $50=^^15. 

Then, 3^ cwt. -^60+154-21= 3s. llffd., Ana. 

3. A merchant sold a parcel of coffee, at 15 cents per lb., and 
lost 10" per cent. Some time after, he sold another parcel of 
the same, to the amount of $700, and gained 40 per pent. How 
many pounds were there in the last parcel, and at what rate 
was it sold t 

• 100 — 10 : 100 : : 15 : 16f cts., coat per lb. 

Then, 100; 100+40: :16§:23i cts. per lb., rate sold at, to 
{rain 40 per cent.; and $700-H-23| cta.=3000 Iba., Am. 
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4. A has linen cloth at 30 cts. per yard, ready money, in 
barter 36 cts. ; B has 3610 yards of ribin at 522 cts. per yard, 
ready money, and would have of A $200 in ready money, and 
the rest in linen cloth. What rate does the ribin bear in bar- 
ter per yard, and how muoh linen must A give B ? 

•If 30 ^36 : :22 : 26 cts. 4 m., barter price of the ribin ; 
and $200-7-22 cts.=909TV,then 3610— 909TV=270I^^yd8.,to 
be exchanged for linen ; then, 2701HX.264,-f-.36=1980if 
yards,' A ns. 

5. G. Jackson has 100 reams of paper at $l,33,j^ ready 
money, in barter $l,66f ; R. Howard has pamphlets at 8^ 
cts. apiece, ready ihoney, which he adequately charges, and 
insists on having the money for i of the price of those he 
parts with. What number of books should J. receive in lieu 
of his paper ; and how much money does H. receive, and 
what is his gain ? 

•4 times 33^= $1,33^, which plus J of itself=$l,66f, 
hence the ^ that H. receives in money, is equal to his gain, 
and this ^ is equal to ^ of the cash price of', J.'s paper ; conse- 
quently, 1.33^xi00,-^3=$41,66§. H. receives. , 

Then, 1.33J^XlOO,-^8f cts.irzl^O books, J. receives. 



IV. COMMISSION AND BROKERAGE. 

EXAMPLES. 

1. My factor receives $1008 to lay out, after deducting his 
commission of 5 per cent. What^ does his commission 
amount to ? ^ 

* As 100 : 5 : : 1008 : $50,40, the common method, Ans. 

The just method, thus, as 105 : 5 : : 1008 : $48, Ans., . 

The pupil will readily perceive the reason of the last being 
the just method, by considering that one should not pay per 
cent, upon the commission allowed. 

. 2. A's commission, at 5 per cent, pn a consignment of cof- 
fee was $47,50, by the gross sales of which the shipper made 
25 per cent, profit. What was it invoiced at ? • 

♦If 5 : 47,50 : : 25 : 237,50 ; then, 237,50— 47,50=$ 190 ; 
then,if 25 : 237,50 : 2 100 : $950, wid 950— 190= $760, Ans. 

3. A sold goods to a certain amount, on a commission of 4 
per cent., and having remitted the neat proceeds to the owner, 
he received j- per cent, for^rompt payment, which amounted 
to $1560. What wai the amount of hit commission ? 
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*i :415,60{ : $100 : $6240, sum remitted ; then, if $96 : 
$100 : : $6240 : $6500, talue of goods sold ; then, $6500— 
$6240=:$260, amount of commission, Ans. ^ 

4. If iron worth $4 per cwt. cash, is sold for $4,50, on a 
credit of 8 months,, what credit should be allowed on wine 
lyorth in cash $224 per pipe, but sold at $242, to make the 
percentage equal to that on the iron ? 

♦If 4 ; 4,5 : : 100 : 12^ per cent., then if 100 : 1 12,5 : : $224 
: $252, and 252^224=$28, and 242— 224=$18, then if 
28 : 12i : : 18 : 82V pet cent. And, if 12J : 8m. : : 8^ : 5+ 
months, Ans. 

5. A, of Boston, remits to B, of New York, a bill of Ex- 
change on London, the avails of which he wishes to be invest- 
ed, in goods on his account. B having disposed of the bill at 
7^ per cent, advance, he received $9675, and having reserved 
for .himself j- per «ent. on the sale of the bill, and 2 per cent, 
for commission ; what will remain for investment, and for how 
much was the bill drawn ? 

♦If 107,50 : : 100 : : 9675 : $9000 : £2025 sterling, the bill ; 
$100— 25cts.= $99,75 ; then, if 100; 99,75: : $9675: 9650, 
81^ ; then, if 102 ; 100 : $9650,81^ : $9461,58| for invest- 
ment, Ans. 

6. Bought 5 hhds. (^ wine at $1 dollar per gallon, cash; 
having kept it 3 months and 23 days, I sold it at $1,20 per 
gallon, on a credit of 5 months ; 16 gallons having leaked out 
while in my possession. What was my cash gain 1 

' ^5 hhds.:^315 gallons, whi^h cost $315 ; and 315—16= 
299 gallons saved, and 299X1,20— J ,00= $59,80 gained on 
what was saved; then, 315 X, 06= $18,90, int. on $315 for 
one year; then, if 360:18,90: : 263: $13,807, which plus 
$16=$29,807, lost by int. and leakage. 
Then $59,«0^$29,807=$29,993-f-gain, Ans, 



V. INSURANCE. 
EXAMPLES. 

1. To find the sum for which a policy should be taken out to 
cover a given sum, 

O. It is required to coyer $759, premium 8 per cent. For 
what sum must the policy be taken ? 

♦thus, as 100-^ : 100 : 759 : $825, Aqs. 
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12. To find the premium per cent, whem the p^tcjf is taken 
cutf&r a certain sum in wder te cover a given mm. 

Q. If a policy be taken out for $1250 to cover $500,, What 
is the premium per cent ? , 

♦Thus, as 1250 : 500 : : 100 : $40, then 100— 40=$60,Ans. 

3. When the policy for covering any sum and the premium 
per cent, are given, to find the sum, to be covered. 

d. If a policy be taken out for $1250, at 60 per cent., 
what is the adventiire ? 

 Thus, as 100 : 100—60^ 1250 : $500, Ans. 

Note. — The three following questions being all. different, 
each frotti the other, the pupil should be informed of the prin- 
ciple involved in them, by the teachers' asking questions to that 
effect; and it might not be amiss to suggest, that the variety 
<6f principles in Percentage Proportionals might be easily taught 
in the same way ; and should the pupil attend particularly to 
the relation that one part of a solution bears to another part, 
the principle of the rule to which the question belongs, will bfe 
readily discovered. «/]() 

4. A adventured $500 from Boston to Baltimore at 3 per 
cent., from thence to Gaudaloupe at 4, from thence to Nantz 
at 5, and from thence home at 6 per cent. For what sum must 
he take out a pc^icy to cover his adventure the voyage round? 
•rru 5 100X1QOX100X100X500 ^,,, _ 
^^"^' I 10O-3,XlOO~4,Xl00-5,Xl00^-*^^ii. 

5. B adventured $480,50 from Bangor to Richmond, from 
thence to Jamaica, ,and thence home^ and the premium was 5 
per cent, from port to port. What amount will be equal' to 
the several given premiums on the policy, which will cover 
the first adventure of $480,50 ? 

*To find the policy, proceed as in the preceding solution, 
hence, the policy =$560,43125. 

Then, $560,43125 : $480,50 : ; $100 : $85,7375. 

Then, 100— 85,7375z=:$14,26J cis., amount required. 

■« 

6. C adventured $480,50 fi-om Belfast to Savannah, from 
thence to New Orleans, and thence home, to cover which 
all round he took out a policy for $560,43125, and the prem- 
ium was equal from port to port. What was the premium 
per cent. 

•Thus. ioo_3V 5 iooxioexioox480,5 ^g ^„, 

I 560,43125 *^ 
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7. D ooT^s $200 at 6t {>er ceat. from Portsmouth to the W. 
Indies, and home again ; but the voyage terminating in the W. 
Indies, what must the insurer receive per cent I 

•If 100—6 : 100 : : aOO : $512,765957, will cover the voy- 
age round, and 100X100X200=32000000. 

Then ^ -J^^^ =9400, and 10O-V94Q0=:3,0466, Ans. 



VI. DISCOUNT. 

EXAMPTiEfl. 

1. What is the difference between the interest and discount 
of $350 for 8 years, at 4 per cent., simple interest? 

♦Interest of $350 for 8 years, at 4 per cent is $112. And 
6087 J days=16§^yrs.=:200 months of 30^, days each, in which 
time, any sum of money at 6 per cent., simple interest, will 
double itself; hence, to find the discount of a given sum, for 
a given time, at a given rate per cent.-^aAf the given time, in 
months, to the number of months required hy that sum to douhh 
itself at the given rate, for advisor, to^ divide the product of 
the given sum and time, in months, and the quotient is the dis" 
count . Hence, 200 X6,-=-4=300 months required for $350, 
at 4 per cent, to double itself. 

Then, 300+8 X 12)350 X 8 X 12( $84,848, discount of $350 
at the given rate and time, then $112, int.-^$84,848=$27, 
152, Ans. 

2. A merchant has three notes due to him as follows : One 
of $300j due in two months ; one of $250, due in five months ; 
and one of $180, due three months ago^ with interest; the 
whole of which he > now receives. What sum is received 
on the three notes, allowing money to be worth 6 per cent, a 
year? 

♦The amount of $180 for 3 months at 6 per cent, is 182,70; 
and the equated time for 2 months and 5 months is 3^month8. 
Then, 200+3^)300+250 xaA:(*9,0®7, discount. 
And, 300+250+182,70,— 9,097=$723,63, Ans. 

3. Sold goods to the amount of $3120, to be paid one 
half in 3 months, and the other half in 6 months. How much 
must be discounted for pi Qsont payment, when money i« worth 
6 per c«nt. a y«ar ? 
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*The equated time for 3 and 6 months is 4j[ months. 
Then,200+4^)3120X4^($68,655256, discount, Ans. 

Principle. — As $100 will amount to $1,06 in one year, at 
% per cent, it is evident, that , if ^^^ of any sum be taken, it will 
he the present worth for that time, and yf ^ will be the discount. 

4. What is the present worth, and discount, of $600 due 3 
years hence, at 6 per cent, per aanum, Compound Interest ? 
*Three years time, hence 3d power of $1,06=$1, 19101. 
Then, 1,19101)600,000000($503.7704, present worth, \ g 
And, 600— 503,7704= $96,2296, discount. ) <; 



VII. INTEREST. 

EXAMPLES. 

1. If $100 in 5 years be allowed to gain $20,50, in what 
time will any sum of money double itself, at the same rate of 

interest? / 

♦Int. of $100 for 5 years at)6 per cent., is $30, simple int. 
( And, if 30 : 6 : : 20,5 : 4tV per cent. 
( Then, if 6 : 16f : : ijV : 24'H years, Ans. 

2. In what time will the interest of $72,60 equal that of 
$15,25 for 64 days, at any rate of interest ? 

♦Int. of $15,25 for 64 days, at 8 per cent., is $6,21399, 
and the int. of $72,60 for 365 days, at 8 per cent, is $5,808. 
Then, if 5 : 808 : 365: : ,21399 : 13,^^ days, Ans. 

3. The interest of a certain sum at simple interest for 16 
years, at 5 per cent, per annum, remaining unpaid, wanted 
but $9,32 of the principal. tVhat is the sum ? 

♦$100 on interest for 16 years, at 5 per cent, is equal to 
$180, and 200— 180= $20. 
Then, if 20 : 100 : : 932 : $46,60, Aiis. 

PROBLEMS IN INTEREST. 

I. The Principal, Ratio, and Time gifien, to find the Int, 

Rule. — Multiply together the decimal expressing the rate per 
annum, the time in years and the decimal of a year, and the 
principal ; the product will be the interest. 

iVo/e.-^/it the preceding rule consider 26^4ay8 the year, and 
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30-^ days the month; precision in etxsting simple or compound 
interest requiring it, 

II. The Principal y limCy and Amount given, to find the 
Ratio. 

Rule. — Subtract the principal from the amount and the 
rem. is the int. for the time. Divide this interest by the given 
time, expressed in years or the decimal of a year, and the quo- 
tient will be the int. for one year. Divide the interest for 
one year by the given principal, and the quotient will be the 
rate per cent, per annum. 

III. The Principal^ Ratio, and Amount given, to find the 
Time. 

RuLE.^-Divide the int., found by subtracting the principal 
from the amount,' by the principail, and this quotient by the 
ratio, and the quotient is the time. 

IV. The Amount, Time and Ratio given, to find the Prin^ 
dpal. 

Rule. — Divide the amount by the amount of one dollar for 
the time and rate, and the quotient will be the principal. 

PARTIAL PAYMENTS. 

The U. S, Court and the Courts of the several States, with 
the exception (f Connecticut, Vermont, and New Jersey, have 
adopted the following rule for estimating interest on notes and 
bonds, when partial payments have been made : 

RuLE.-r-Cast the interest to the time when the payments 
shall at least be equal to the interest, then discharge the 
interest from the payment, subtract the excess, if any, from 
the principal, and cast the interest on the new principal as 
before, and so on. 

EXAMPLE. 

A had a note against B for $1166,666, dated May I,4.D. 
1796, upon which were the following payments, viz.: 

1. Dec. 25, 1796, $166,666. 4. June 14, 1799,$333,333. 

2. July 10, 1797, $16,666. 6. April 15,1800, $620,000. 

3. Sept. 1, 1798, $50,000. 
What is due August 3, 1801 1 

*Set down the sum upon which the interest is to be cast^ 
lyith the time, interest, and payments in columns as in the fol- 
ing: 
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TABLE OF OPERATION. 



1 

2 
3 
4 

5 


Principal. 


Time. 


Interest. 


Payments. 


Excess. 


$1166,666 
121,167 


7m.24d. 


$45,499 


$166,666 


$121,167 


1045,499 
1045,499 
1045,499 

245,093 


6 15 

13 21 

9 IB 


33,978 
71,616 
49,312 


16,666 

50,000 

333,333 


245,093 


10 1 


154,906 


399,999 


800,406 
579,847 


40,154 


620,000 


579,847 


15 18 


Then, 220,559 17,203 
leaves $237,762, Ans. 


220,559 


17,203 



7^ method employed in the Courts of New Jersey, is but 
very little different from tKt preceding rule. 

The rule employed in the Courts of Vermont produces results 
a little different from the following rule. It was established 
by the Supreme Court of Connecticut in 1804, and should 
be studied by residents in that State, It may be omitted by 
others, 

CONNECTICUT RULE. 

'' Compute the interest on the principle to the time of the 
first payment; if that be one year or more from the time the 
interest commenced, add it to the principal, and deduct the 
payment from the sum total. If there be after payments made, 
compute the interest on the balance due, to the next payment^ 
and then deduct the payment as above ;, and in like manner 
from one payment to another till all the pajrments are absorbed ; 
provided the time between one payment and another be one year 
or more. 

But if any payment be made before one years' inter- 
est hath accrued, then compute the interest on the principal 
sum due on the obligation for one year, add it to the princi- 
pal, and compute the interest on the sum paid, from the time 
it was paid up to the end of the year ; add it to the sum paid, 
and deduct that 9ttm from the principal and interest, added 
MB above. 
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And if the year extends beyond the time of settlement, find 
the amount of the principal remaining unpaid, up to the time of 
such settlement, also the amounts of the payment or payments 
up to the same time, and deduct their sum from the amount of 
the principal. If any payments be made of a less sum than 
the interest arisen at the time of such payment, no interest is 
to be computed, but only on the principal sum for any period." 

Kirhy^s Reports^ page 49. 

COMPOUNI> INTEREST. 

HuLE. — ^The required amount of the several amounts for the 
several years, is the last term of an increasing series of contin- 
ual proportionals, whose first term is the principal, whose ratio 
is the amount of one dollar for one year, and whose number 
of terms is the number of years plus one. See Continual Pro-^ 
jpqrtionah. 

EXAMPLE. 

If one mill had been put at interest aUthe commencement 
of the Christian era, what would it amount to, at compound 
interest, supposing the principal to have doubled itself every 12 
years, Jan. I, A.D. 1837? 

♦Thus, 2 X 2 1 5 3^ 1 _.$ 1 141798 15416476790484662877555 
95961091061972,99,2, Ans. 

It would take the present inhabitants of our globe more 
than a million of years to count it ; and its value in pure gold, 
formed into a globe, would be many millions times larger 
than all the bodies that compose the solar system, however in- 
credible it may appear. 



VIII. ANNUITIES. 

Annuities jare sums of money payable periodically, for a 
certain length of time, or during the life of some person, or 
forever. 

Annuities not paid at the time they become due, are said to 
be in arrears. 

EXAMPLES. 

I. Tofifidihe amount of an Annuity in arrears* 

1. A man hired a house for 6 years,- at $300 a year, but 
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did not . pay the rent until the end of the term. How much 
did the whole amount to, allowing 6 per cent., simple interest ? 
•Thus, 300X,06X5 yrs. (No. of years less l.)-|-600(twice 
the given sum)=690, then 690 X6yrs.,-7-2=: $2070, Ans. 

2. Suppose the salary of the Vice President of the United 
States, which is $5000, to remain unpaid 4 years, what would 
it amount to at 6 per cent., compound interest ? 

•Thus, 1.06X 1.06X 1.06X5000= $21873,08, Ans. 

3. If a salary of $120 payable quarterly, remain unpaid 7 
years, what would it amount to in that time at 6 per cent, per 
annum, simple interest ? 

•For quarterly payments, take j- of the ratio, ^ of the annu- 
ity, and 4 times the number of years ; for half yearly pay- 
ments, take j- the ratio, ^ the annuity, and douUe the years. 

i of 6 per cent, is $1,50, i of $120 is $30, and 4 timea 
the number of years is 28 yrs., the sum of the natural series 
of which, less 1, is 94,6^ ; and the interest of $30 for 1 year 
is $1,80; then, 1,8X94,6^=$ 170,33^, equal to the whole in- 
terest due ; then, $30X^8 yrs.=840, and 840+170,33^= 
$1010,33^, Ans. 

4. What is due on a pension of $150 a year, payable half- 
yearly, but forborne 2 years ; allowing half yearly compound 
interest, at ^4J- per cent, per annum ? 

•j- of 4j- per cent. =;:, 0225) which plus unity,=:amount of 
<me dollar of next to last payment, ^ of the annuity=:$75, 
and 75Xl,0225=$76,6875, the amount of next to the last 
payment. 

Then 1,0225X1,0225=1,04550625, and 75Xl,0455p625 
=$78,41296875, the amount of the second payment. 

Then 1,04550625X1,0225=1,069030140625, which mul- 
tiplied by 75=$80,177260a4675, the amount of the first pay- 
ment, and since the last payment of an annuity does not draw 
any interest, the sum of these amounts, with the last payment, 
is $310,277729096875, Ans. 

II. The Annuity, Amount and Ratio given, to find the Time, 

5. In what time will $60 per annum, payable yearly, 
amount to $262,47696, allowing 6 per cent, compound in- 
terest ? 

♦Thus, 262,47696 Xl,06,+60=338,2255776, from which 
subtract 262,47696=75,7486176,-^60=1,26247696, amount 
of one dollar for the requu-ed time ; then, 1^26247696,-r-l,06, 
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•T-1,06,-4-1,06, and the Rem. again by 1,06=0, which shows 
four divisions by 1,06, hence 4 yrs., Ans. 

III. The Amount^ Ratio and Time given ^ to find the An' 
nuity, 

6. What annuity being forborne 4 years, will amount to 
$262,47696, at 6 per cent, compound interest ? 

•Thus, 1^1*— 1=:,26247696, the divisor. 
Then, 262,47696 X 1,06,— 262,47696=15,7486176, which 
divided by the divisor , gives $60, Ans. 

IV. The,^ Annuity f Ratio and Time given y to find the Pres- 
ent worth. 

* 7. What is the present worth of the lease of a house for 3 
years, the rent being $54,85 a year, and the ground rent be- 
ing 2^ guineas a year, the rent payable half yearly, discount 
being allowed at 10 per cent, compound interest? 

*Thus, 2^ guineas=$7,35, which taken from $54,85 shows 
$47,5 clear, ^ of which is $23,75, and 3 yrs. doubled is 6 yrs., 
and ^ of 10 per cent, is 5 per cent., and the amount of $1 an- 
nuity for 6 yrs. is $6,801913, and the amount of $1 for the 
same rate and time, is $1,340096. 

Then, 6,801 913X23,75,^1, 340096= $120,65625, Ans. 

Note — I have given the examples at simple interest in an- 
nuities, more for the gratification of the curious than for real 
utility, it being not only customary, but also most equitable, to 
allow compound interest. 

V. The Present worth , Time and Ratio given, to find the 
Annuity, 

•Multiply the Tabular number, corresponding with the rate 
and time, by the purchase money ; the product will be the an- 
nuity. 

VI. The Annuity f Present worth and Ratio given, to find 
the Time. 

8. For how long may an annuity of $60 per annum be pur- 
chased for $207,906336762, at 6 per cent, compound interest ? 

•Thus, 60+207,906336762,-207,906336762 X 1 ,06)60( 1 ,- 
26247696; then, l,26247696-f-l,06,-M ,06,4-1,06,-7-1,06= 
0, shows 4 divisions by 1,06, hence 4 jrears, Ans. 

VII. The Annuity f Time and Ratio given^ tafind the Pres- 
ent worth of the Annuity in Reversion. 
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9. What is the present worth of $60 payable yearly, for . 4 
years ; but not to commence until two years hence, at J5 per 
cent. ? 

^Present worth of $1 for the time in being and reversion is 
equal to 4,91732. 

Again > by the Table of Present worth of the time in being, 
$1 is 1,83339. Then 4,91732—1,83339=3,06393, and 
3,08393X60=$185,0358+, Ans. 

The reverse of the preceding operation : 

Thus, 185,0358X 1,26247X1, 1236, X 1,06— 1 =$60, Ans. 

1,26247—1 
and is practised when it is required to find the annuity, when 
the present worth of the reversion, rate and time are given. • 

VEIL The R(tiio and Annuities which are to continue on 
unlimited time being given, to find the Present worth of 22e* 
version, 

10. What is the value of a rent of $60 per annum, to com- 
mence 2 years hence, allowing the purchaser 6 per cent. 1 

•Thus, ,06)60,00($1000, its present worth. 

Then, 1,06X 1,06) 1 000( $889,9966, required, Ans. 

The reverse of the preceding operation : Thus, price of the 

reversion, 889,9966 X ^06]^ X ,06=$60, Ans., and is practised 
when it is required to find the annuity, when the value of a 
reversion, the time pricnr to its commencement^ and rate are 
given. 

IX. Annuities which are to continue an unlimited time and 
the Ratio being given, to find the Present worth, 

11. What is the present worth of $60 per annum, allowing 
6 ^er cent, to the purchaser? 

•thus, as 6 : 1 00 : : 60 : $ lOOO, Ans. 

X. The Present worth of an Annuity for an unlimited time 
and the Ratio being given, to find the Annuity, 

•As 100 is to the rate, so is the present worth to the annu- 
ity ; and when 'the present worth and yewly rent are given, to 
find the rate, ^ay, as the present worth is to the rent, so is 
100 to the rate. 

XI. When the Raiie is given, to find the number of years* 
purchase an Annuity may be bought, 

•Divide 100 by the rate, and the quotient will be the years ; 
and by dividing 100 by the number of years thkt you would 
buy an annuity you will have the rate. 
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XII. An Annuitjf, severed times in-reversion, and rate being 
given f tojind the several present values. 

12. A has a term of 6 years in an estate of $60 per annum. 
B has a term of 14 years in the same estate, in reversion, after 
the expiration of the 6 years ; and C has a further term of 16 
years, after the 20 years are expired. I demand the present 
value of the several terms, at 6 per cent, compound interest. 

•Pres. value of $1 for years 36=14,61722, X 60=877,0332. 

" " $1 " 6+14=ll,46992,X60=688,1952. 

" " $1 " 6= 4,91 732, X 60=295,0392 

dollars, the present worth of A's term. 

Then, 688,1952— 295,0392=$393,156, pres. value of B's, 
And, 877,0332— 688,1952=$188,838, " " " C's. 

13. Suppose I would add 5 years to a running lease of 15 
years, the rent being $186,375 ; what ought I to pay down 
for the favor, discount being allowed at 5 per cent., compound 
interest 1 

* Amount of $1 dollar annuity for 5 years, at 5 per cent, is 
$5,525631, and the amount of $1 for 20 yrs. at 5 per cent, is 
$2,653298. 

Then, 5,525631 X186,375,-t-2,653298= $388,135+, Ans. 

J4. Which is the most advantageous, a term of 15 years in 
an estate of $100 per annum, or the reversion of said estate 
forever after the said 15 years, computing interest at 5 per 
cent, per annum, compound interest f 

♦Present worth of $1 annuity for 15 years=$ 10,379658, 
X100=$1037,9658, the present worth of $100 annuity for 15 
years; then $100-^5cts.=:$2000, the value ofihe estate ; and 
the amount of $1 for 15 yrs. at 5 per cent, is $2,078928 ; then, 
2000-r-2,078928=$962,0342, the present worth of the estate 
in reversion. 

Then, $1037,9658— 962,0342=$75,9316 that the present 
worth of the annuity is worth more t)ian the present worth of 
the whole estate. 



I. EVOLUTION. 

Evolution is the reverse of Involution ; for in Involution we 
have the root given, to find the power ; but in Evolution we 
have the power given to find the root. 

Power and root are correlative terms ; for, as 4 is the square 
of 2, 2 is the square root of 4, and the same of any power or 
Root. 



so EXPLANATION OF THfi EOOtS. 

The extraction of the root is -finding a number which 
being multiplied into itself the requisite number of times, 
will reproduce the given number ; for example, if we extract 
the square root of &, we find it to be 8, and 8X8 is equal 
to 64, &/C. 

Hence the root is designated by the number of times it is 
used as factor in producing the corresponding power. It is 
used twice in producing the second power and is called the sec- 
ond or square root, &c. 

Any number which is the exact root of any power, is a ra- 
tional number, and its power a perfect number ; and since 
any number may be the root of its corresponding power, it 
follows that any root which can be exactly expressed by fig- 
ures, is a rational number. But there are numbers whose 
roots can never be exactly extracted, and these numbers are 
called imperfect powers, and their roots are called irrational 
numbers, or surds. For example, 2 is not only an imperfect 
power of the second degree, but an imperfect power of any 
degree, and not only its square root, but the root in every de- 
gree is irrational, or a surd ; because no number, either whole 
or fractional, can be found, which, being involved to any de- 
gree, will produce 2. The same is true of many other numbers. 

Some numbers are perfect powers of one degree, and im- 
perfect powers of another degree. 

Surds occur when we endeavor to find a root of any num- 
ber, which is not a perfect corresponding power. 



II. SQUARE ROOT. 

The terms square and square rooty are derived firom geom- 
etry, which teaches us that the area of a square is found by 
multiplying one of its series by itself. 

Area signifies the space included on any geometrical figure. 

DEMONSTRATION. 

The points placed over one^ of the figures in each period, 
to prepare the number for extracting its root, is to direct what 
figures to bring down, without the trouble of counting them. 

The first point is placed over the unit figure, instead of the 
left hand figure, because, if the pointing should begin at the 
lefl hand, the true root would not always be obtained, and the 
point would sometimes fall on the place of tenths, in decimals, 
when there were decimals in the number. But when the num- 
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ber of integral figures is odd, and the square root is wanted, qr 
even, and the cube root wanted, it is immaterial whether jou 
begio to point at the right or left hand, as the effect will be the 
same in both cases. Any number is distingubhed into periods 
of as many figures as the index of the root denotes, because 
the second power can never have more than twice as many fig- 
urea as its root, and never but one less than twice as many. 
The third power can never have more than three times as 
many figures as its root, and never but two less than three 
times as manj. The same holds true of the higher powers 
and their roots. For instance, take two numbers consisting of 
any number of places ; -but let them be the least possible <^ 
those places, viz. : Unity with ciphers, as 100, and 10. Then 
their product will be 1 with so many ciphers annexed as are io 
both the numbers, viz.: 1000 ; but 1000 has 1 place less than 
100, and 10 together ; and since 100, and 10 were taken the 
least possible, the product of any other two numbers, of the 
same number of places, will be greatet than 1000. Q. E. D. 
(quod erat demonstrandum.)' 

The root is doubled for a divisor, for if it was not doubled, 
the quotient or next part of the root would be all on one side 
of the square before found, which would make a paiallelograro 
instead of a square. For exam- £ 2 

pie, suppose the figure in the mar- 
gin is now 12 squares in length 
and 13 squares in breadth, each 
square being an inch on either side 
but was, before it was ascertained 
by the following operation that it 
would make a foot square, a strip 
of surface jnst one inch wide andS 
144 inches in length. ,2 

Operation by the common method. Operation as understood. 
144(13 144(10+3 

1 100 

22)44 20)44 



* Q. E. D. sipiifiei, uAicA lea* to bt dtnumttraUd. 
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EXPLANATION. 

By the coromon method of operation, the first figure of the 
root, 1, is in reality 10, as may be seen" by the second opera- 
tion, because the square of 10 is 100. The root I, of l,or 10, 
of 100, doubled for a divisor, is 2 in appearance but 20 as uiv- 
derstood, and 2 is contained twice in 4, and 20 is contained 
twice in 44, and 4 remains. 

The second figure of the root, 2, is a piece 2 inches wide, 
and 10 inches in length, making 20 square inches to add to 
one side and one end of the first or ten inch square, both pieces 
containing 40 square inches, which, with the square of the last 
figure of the root, to fill the vacant corner, completes the 
square, whose side is 12, which appears plain from the preced- 
ing figure and by the operation as understood. 

After finding one more than half the required number of fig- 
ures in the root, the rest may be found and the operation great- 
ly abridged by dividing the last remainder by the last divfsor, 
which, with the quotient figure last annexed, is used as a con- 
stant divisor, and the division is continued by omitting, con- 
tinually, the last figure of the divisor on the right hand, at each 
division. 



III. CUBE I^OOT. 

A Cube is a solid body, having six equal sides', which are 
all squares, the length, breadth and depth being equal. 

The cm6c roo^ of a number is.a number which, being multi* 
plied by its square, will produce the given number. Or, it is 
to find the length of one side of a solid body the contents of 
which is expressed by the given number. 

DEMONSTRATION. 

In extracting the cube root, you divide by 300 times the 
square of the quotient, because when the root consists of two 
figures, and that first found is 1, it is 10 units, and 300 times 
the square of 1 is the same as 3 times the square of 10, and all 
other numbers are governed by the same principle. 

The reason of 3 times the square of 10, when there are but 
two figures in the root and the first of which is 1, being con- 
cerned in the extraction of the cube root, is because, the cube 
being a solid body, contained under six equal square sides,if an 



OUBE ROOT. 83 

addition be made to it so as to equally increase the length of 
each side, it must be done by adding three equal squares, one 
on each of two ofits aides,and one on the top or bottom of the lirst 
cube,(See eachpieceof the figure,) 
each square being of equal super- 
flees as the square of one side of 
the cube to which it is attached ; 
and when the side of the cube is I 
10, the square of the side is 100, 
and as 100 must be added to three 
sides, it will require, 300 for them 
all. Aflei the three squares are 
added to the first cube, there arc ' 

three Tacancies to fill, the end of each being a square whose 
side is the last quotient figure, therefore^ the product of the 
last quotient figure squared, multiplied bj all the others, shows 
how many times the square of the last figure is contained in 
the tenth part of the length of one of the three vacEOiciea, each 
of which is equal in length to the side of the first cube. 

This last product is multiplied by 30, because if the 
side of the cube is 10, there being three vacant corners of 
equal length, the sum of all three is 30, and the product of 30 
by the square of the last quotient figure multiplied by all the 
others, supplies the deficiency of the three long vacant spaces, 
(See preceding figure,) but since the second addition comes 
no higher up nor further out than the first addition, the cube of 
the last figure is added to coQtplete the diagram. Hence the 
reason of the follotoing 



Firal, let the numlieiB pointed be 
.In periods each of Ggutea three ; 

The cube of yonr left period take 
And ofita root a quotient make ; 
which root into a cube must grow 
And from the period tnken tro ; — . 
To the lemiicder then yoa must 
Bring down another period just ; 



Which being done then you muit aee 
This number light divided be 
By jast three hnndred times the iquara 
Of what yonr <{Balient 6gnM ate. 
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Multiply the divifor bj 
Tiie list quotient fijpire ; apply 
Lest figure squared, perhaps the loii 
When multiplied by all the rest. 

And then increased just thirty timet, 
(Which fills the vacant comer lines ;) 
Last figure cubed and added too. 
Would be put in, if right you'd*do : 

All Ibis would be the mhtrahend ; 
Thus ply each period to the end. 
If any thing remain, you shall 
Add triple ciphers for decimals. 

Note. — ^It is pTesumed, the pupil will take more^ interest 
in the extraction of the cabe root^ since the rule is in the form 
as here giren, hence the reason for its being so given. 



IV. A NEW METHOD OF EXTRACTING ROOTS. 

For simplicity, brevity, and accuracy, it is undoubtedly the 
best method now known. Its superiority over the old method, 
will be readily seen, as it saves more than half the labor. 
Teachers most certainly should be acquainted with it. 

EXAMPLE. 

Required, the cube root of 12261 592*7202. 

OPERATION. 



4 . 

8 . 
129 

138 
1476 

1482 



122615027232(4968, root. 
16 64 

48 58615, first dividend. 

5961 53649, th e subtrahend. 

7203 4966327, second dividend. 

729156 .... 4374936, the st^trahend. 



. 738048 .... 591391232, third dividend. 
14888 . 73923904 . . . 591391232, 

Note. — ^In this iteration there are 113 figures. The 
same example performed by the old method, would require at 
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least 252 figures ; and to leave the example so that the process 
could be traced, it would require 318 figures. 



EXPLANATION. 

The numbers being pointed off as usual, I, find the root of 
the greatest cube in the left-hand period to be 4. This is placed 
in the quotient, and also at the head of the first or left-hand 
column; its square, 16, is placed at the head of the second 
column, and its cube,. 64, is placed under the left-hand period, 
and subtracted therefrom. To the remainder, I bring down 
the next period, making 58615, the first dividend. The 4, at 
the head of the first column, is doubled and tripled, (because 
we are extracting the third root,) and set underneath, making 
8 and 12* The product of 8 by the quotient figure, 4, is added 
to 16, making 48, the Ifirst divisor. I then seek how many 
times the divisor, 48, is x^ontained in the dividend, 58615, (ex- 
cepting the two right-hand figures,) that is, in 586, and find it 
is contained 9 times ; placing 9 in the quotient, and also at the 
right-hand of 12, making 129. The 9 is then doubled and 
tripled, and set underneath, making 138 and 147. Then I 
multiply 129 by the 9, and add the product to 48, tiding care 
to remove the product two places to the right-hand' of 48. (See 
5961 under 48 in the second column.) This, multiplied by 9, 
gives 53649, the subtrahend, which being subtracted from the 
first dividend, and the next period, 327, being brought down, 
makes 4966327, the second dividend. Then I multiply 136 by 
9, and. add the product to 5961, making 7203, the second 
divisor, which is contained in the dividend, 4966327, (excepting 
the two right-hand figures,) 6 times. To find the second sub- 
trahend, or the third and last divisor, proceed as for either of the 
preceding; 

The last figure of the root, 8, is placed in the quotient, and 
also at the right-hand of 1488, (See the operation) making 
14888, which is multiplied by 8, and the product added to 
738048 advancing the product two places to the right ; the sum 
is 73923904. This, multiplied by 8, and placed under the 
dividend, finishes the operation. 

Note. — ^It is to be remembered, that, in dividing, the nunr- 
ber of figures omitted at the right-hand of the dividend, must 
always be one less than the inde^ of the given power ; that is, 
if we are extracting the third or cube root, we must omit two 
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figures at the right-^and of the dividend ; if the 5th root, we 
must omit four, 6lc, The operation can be all carried on 
mentally, by this method, without the necessity of making a 
figuriB any where else. 

When the divisor is larger than the dividend, a cipher is 
placed in the root, and one at the right-hand of the number in 
the first polumn opposite the next subtrahend, and the • next 
period brought down, and one more figure taken, dz>c. 

The 4th root is most conveniently performed, by two ex- 
tractions of the square root, instead of the new method. 

Double the root is the Den. to a Rem. in square root ; and 
triple the square of the root, plus triple the root is the Den. to 
a Rem. in finding the cube root of a given number. 

The preceding rule answers practical purposes onZy, but it 
is the method for finding the true Den. to the numbers con- 
tained between any square or cube number, and their next 
succeeding square or cube. 



PERMUTATIONS AND COMBINATIONS. 



I. PERMUTATIONS. 

Permutation means the different ways in which the order 
or relative position of any given number of things may be 
changed. 

' Numbers in Permutation have no two arrangements in which 
all the quantities have the same relative position. 

Case I. — To find the number of changes that can he made of 
ony given nnmber of things, all differeM from each other. 

Thus^-how many changes may be rung on seven belb ? 
* 1X2X3X4X5X6X7=5040, Ans. 

Case II. — To find the number ofclsanges that may he made 
in the arrangement of a given number of things, in which 
there are several things of one sort, several of another, Sfc. 

Thus— how many changes can be made in the order of the 
letters a a a b b c 7 
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* If the letters in this question were all , different, they 
would admit of 1X2X3X4X5X6=720 variations; but 
since a is found 3 times, we must divide that number of varia- 
tions by 1X2X3; and, since b occurs twice, we must again 
divide by 1X2; hence, the number of variations will be 
1X2X3X4X5X6 



1X2X3X1X2 



-==:60, Ans. 



Case III. — Any number of diffetent things being given, to 
find how many changes can be made out of them, by taking a 
given number at a time. ^ 

Rule. — I'ake a series of numbers commencing with the 
given number of things, and decreasing by 1, till the number 
of terms is equal to the number of things to be taken at a time, 
and the product of all. the terms of this series will be the 
answer. 

EXAMPLE. 

How many changes can be rung with 4 bells out of 8 1 
• 8X7X6X5=^:1680, Ans. . 



 II. COMBINATIONS. 

Combination consists in taking- a less number of things out 
of a greater, without any regard to the order in which they 
stand. 

No two combinations can have the same quantities. 

Case 1.- — To find the numher of combinations from any given 
number of things, all different from each other, taking a given 
number at a time. 

Rule I.— Take the series 1, 2, 3, &c., up to the number of 
things to be taken at a time, and. find the product of all the 
terms. 

2. Take a series of as many terms, decreasing by 1, from 
the given number^ out of which the election or choice is to be 
made, and find the product of all the terms. 
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3. Divide the last product by the first, the quotient is the 
number sought. 

EXAMPLE. 

How many combinations can be made of 6 letters out of the 
24 letters in the Alphabet? 

• 24X23X22X21X20X19 ,^^^ ^^ 

2X3X4X5X6 ~ 

Case II. — To find tl^e various combinations of a given num^ 
her of things, which may be made out of an equal number of 
sets of different things, one from each set. 

Rule.-- — Multiply the number of things in the several sets 
continually together, and the product will be the answer. 

EXAMFUB. 

Suppose there are 4 companies/ m one of which there are 6 
men, in another 8, an^ in each of the other two nine men. 
What are the choices, by a composition of 4 men, one out of 
each company? 

♦6X8X9X9=3888 choices, Ans. 



PROGRESSION, 

ARITHMETICAL AND GEOMETRIC AX. 

1. PROGRESSION ARITHMETICAL, 

ORy^qUIDIFFEItXHT 8SRIES. , 

When the numbers increase, they form an ascending series ; 
but when they decrease, a descending series. Thus, 1, 2, 3, 
4, 5, 6, 7, 8, 9, form an ascending series, because they con- 
tinually increase by 1 ; but 9, 8, 7, 6, 5, 4, 3, 2> 1, form a de- 
scending series, because they continually^ decrease by 1. 
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The numbers which form the series, are called the terms of 
the series. The fir^t and last terms in the series, are called the 
extremes ; and the other terms the means. The number by 
which the terms of the series are continually increased or 
diminished, is called the common difference, ^ 



PRINCIPLES ASSUMED. 

1. When four numbers form a progression al series, the sum 
of the two extremes is equal to the sumof the two means; and 
of any three quantities, in such a series, double the m^an is equal 
to the sum of the extremes. 

2. In any equidiffereni; series, the sum of the two extremes 
is 'equal to the ;&um of any two means that are eqvt^ally distant 
from the extremes, and equal to double the middle term, when 
there is an uneven number of terms. 

3. The difference between the extremes of an equidifferent 
series, is equal to the common difference multiplied by the 
number of terms less 1. 

4. The sum of all the terms in any equidifferent series, is 
equal to the sum of the extremes, multiplied by half the num- 
ber of terms. 

The reason of these Principles, and the following Problems 
dr cases, it is presumed, is sufficiently obvious without being 
demonstrated. 

For brevity and perspicuity , let azzzjirst term, l=last term, 
n=znumber of terms, dzizcommon difference, s=istim of all the 
terms, and let the different cases be represented as in the follow^ 
ing Table, By this means, a summary of the whole doctrine 
of equidifferent series may be presented at a single view. 

In Progression, if three parts be given, the other two may 
readily be found. By an explanation of the fkst problem or 
case in the Table, the rest will be. readily understood. In the 
first case of the Table, read — The Jir^t term, last term, and 
number of terms given, to find the common difference ; or, sum 
of all the terms. 

Rule. — ^Divide the difference of the extreme^ by the number 
of terms less 1, the quotient will be the difference. Multiply 
the sum of the extremes by the number of terms> half the pro- 
duct will be the sum of all the terms. 
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n. PROGRESSION GEOMETRICAL, 

OR, CONTINUAL PROPORTIONALS. 

I » 

Any series of numbers, the terms of which gradually in^ 
crease or decrease by a constant multiplication or dirbion, 
are said to be Continual Proportionais, 

The number by which the series is constantly ii^creased or 
diminished, is called the ratio. 

The first aad last terms of a series are called extremes, and 
the other terms means. 

_-'  

, PRINCIPLES ASSUMED. 

t. If four quantities be in continual proportion, the pro- 
duct of the two means will be equal to that of the two ex- 
tremes, when continued, or if discontinued; and, of three 
quantities, the square of the mean is equal to the product of the 
two extremes. 

2. If four quantities are such, that the product of two of 
them is equal to the product of the other two, then ^are those 
quantities proportional. 

3. If four quantities are proportional, the rectangle of the 
means, '^ divided by either extreme, will give the other 
extreme. 

4. The products of the corresponding terms in continual 
proportions, are also proportional. 

5. If three numbers be in continued proportion, the square 
of the first will be \othat of the second, as the first number to 
the third. 

6. In any continual proportion, the product of the two ex- 
tremes, arid that of every other two terms, equally distant 
from them, are equal. 

7. The sum of any number of quantities, in continued pro- 
portion, is equal to the difference of the rectangle of the 
second and last terms, and the square of the first, divided by 
the difference of the firs^t and second terms. 

^ As the last term, or any term near the last, is very tedious 
to be fouiid by continual multiplication, it will be very neces- 
sary, in order to ascertain it, to have a series of numbers in 
arithmetical proportion, called indices^ or exponents, beginning 
either with a cipher, or a unit, whose common difference is 
one. 

When the first term of the series and the ratio are equal, 
the indices must begin with a unit ; and, in this case, the pro- 
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duct of any two terms is equal to that term signified by the 
sum of their indices. 

Thus, 1, 2, 3, 4, 5, 6, &c., indices, or arithmetical series. 
And 6-t-6=12, index. 

Then 2, 4, 8, 16, 32, 64, d&c, geometrical series (leading 
terms) of the twelfth term. , 

And 64X64=4096, <Ae twelfth term. 

But, when the Jfr5^ term of the series and the ratio Kredif' 
fereniy the indices must begin with a cipher, and the sum of 
the indices, made choice of, must be one less than the number of 
terms, given in the question ; because 1 in the indices stands 
over the second term, and 2, in the indices, stands over the 
third term, &c.; and, in this case, the product of any two terms, 
divided by the Jirst, is equal to that term beyond the first, sig- 
nified by the sum of their indices. 

Thus, 0, 1, 2, 3, 4, 5, 6, &c.; indices. 

And, 6-f-5, index of the 12th term. 

Then, 1, 3, 9, 27, 81, 243, 729, &c., geometrical series. 

And, 729-f 243, the twelfth term. 

8. If the ratio of any geometrical series he double, the dif"' 
ference of the greatest and least terms is equal to the sum of 
all the terms, except the greatest ; if the rcitio be tripled, the 
difference is double the sum of all the terms, except the greatest, 
&c., &c. 

9. Iii any geometrical series decreasing, and continued cui 
infinitum, hcdf the greatest term is equsd to the sum of all the 
remaining terms, ad infinitum: Let az=ifirst or least term, l=z 
last or greatest term, s=:sum of all the terms, n=:number of 
terms, rzzzratio, L=.ldgarithm, and the different cases be' rc- 
presented as in. the following liable. By this means, a sum- 
mary of the whole doctrine of Continual Proportionals may be 
presented at a single view. 

By an explanation of the first problem or case in the follow- 
ing Table, it is presumed the diner ent problems will be easily 
understood. In the first case of the Table, read— TAc frst 
term, ratio, and number of terms ^iven, to find the sum of all the 
terms,  ' . 

Rule. — ^The ratio, less 1, raised to the power denoted by the 
number of terms, and divided by the ratio less 1, the result mul- 
tiplied by the first term. 
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A SYNOPSIS OP THE DIFFERENT CASES IN CONTINUAL 

' . PROFORTIQNALS. 



CASB 



2 



GITEN. REQUIRED. 



ars 



als 



arn < 



ad < 



ans < 



RULE, OR METHOD OF. SOLUTION. 



s 



n 



n 



n 



I n — 1 (exponent)  



(3r=+ ^-^, as may be) 



n 
r— 1 

r— 1 



(n:=:index of r — 1 . 



Xa 



1+ 



1— a 



L. 1— L. a (lXaz=L.l— L.a) 
L.r +^ 



r— l,Xs+a 



r 



L. r — l,Xs+a — L. a 



s— a 



L. 1 — ^L. a (or IXa) , - 
L. s — a, — L. i — ^1 



rs n — 1 S — a (n— l,Be6 case I ) 

a a 



n— X 



IXs— 1| =aXs— a 



n— 1 
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REMAINDER OF CASES IN CONTINUAL PROPORTIONALS. 



CASH. 



6 



8 



9 



aiYEK. BEqUIRKD. 



anl 



r 

I 



\ 



ml 






rns 



V, 



A 



( 



rls \ 



I 



8 



RULE, OR METHOD OF SOLUTION. 



a 



Or— 1 (I zrreverse of 1™ 



. 1— a , 

IH jln— l=in 

Tn^ ^dexofl-^ 



a 



= in- 
a 



1 



Tl^-i 



1+ 



l^^ _i f n-l=:index of r) 

n— 1 

r 

r— 1 



a 



f — 1 (ni=indexofr — 1) 
Xs 



n 
r— 1 



n n— 1 



r^-.l 



XB 



s— rXs — ^1 






L. 1— L. s— rXs— 1 



L.r 



a 



-— rn — 1 — rin— 1 

a,Xs— a| =1X8—^ 
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PHILOSOPHICAL PROBLEMS. 

GRAVITY— SPECIFIC GRAVITY— MECHANICAL POWERS— FALLING BOD- 
IES—RIVERS AND FLUIDS— PENDULUMS— AIR-BALLOON— 
BAROMETER-SUPPLfiMENTr 

1. GRAVITY OR WEIGHT. 
PRINCIPLES. 

- 1. The gtavity of any body above the earth's surface dt' 
creases,. as the squares of its distance in semi-diameters of the 
earth from its centre increase, 

2. If ^ the diameters of two globes be equal, and their den- 
sities different, the weight of a body on their surfaces will be 
as their densities. . 

3. If their densities be equal, and their diameters different, 
the weight of a body on their surfaces will be in proportion to 
their diameters. - 

4. If the diameters and densities be both different, the weight 
of a body on their surfaces will be as the product of their di- 
ameters and densities. 

5. As tile sum of the square roots of the quantities of mat- 
ter in two globes or planets, is to the distance of their centres, 
so is the square root of the quantity of. matter in either, to the 
distance from its centre at which a body would be suspended 
between both by the attraction of each in a contrary direction. 

. PROBLEMS, RULES, AND, EXAMPLES. 

Prob. I. — IJnowing the weight of a body at the earth's sur- 
face, to know what it will weigh at any height above the 
earth. ' 

RuLi^.T-This is contained jn Principle I., which see ; also, 
see the following 

EXAMPLE. 

A certain body on the surface of the earth, weighs^4001bs. 
What will it weigh at 2000 miles above the surface ? 

*2000-|- 4000=1,5 semi-diameter from the earth's cen- 
tre, hence, 1,5X1,5, square of the demi-diameter, by which 
divide the weight of the body, 4001bs,, and the quotient, 178 
lbs. is the Ans. 
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Peob. n.— Giyen^ Uie we^ffat of a body at aaj distance above 
the earth's surface, to know what it will weigh at the surface. 

Rule. — ^This is also contained in Principal I. It is the 
reverse of Prob. I.; and proves the preceding iteration. 

EXAMPLE. 

If a body weighs 178Ibs. at 2000 miles above the earth^s sur- 
face, what will it weigh at the surface ? 

•2000+4000=1,5, semi-diameter, then 178X1,5X1,5= 
4001bs., . Ans. 

Peob. CI. — ^Knowing the wei^t of a body at the earth's 
surface, to find how high it must be carried to be of any 
other weight. 

Rule. — ^Divide the weight at the surface by the weight in 
the air above the surface, and the square root of the^otient 
will be the answer in semi-diameters of the earth from its 
centre. ' 

EXAMPLE. 

If a body weighs 3201bs. at the earth's surface, how high 
must it be carried to weigh but 201bs. ? . 

•/V^320-r20=4 semi-diameters of the earth from its centre, 
Ans. 

Prob. FV. — ^To find how high a body muist be raised above 
the earth's surface, to retain any given proportion of its weight. 

Rule. — See Principle I. ; also, see the operation of the fol- 
lowing 

example. 

How. high must a ball be raised to lose half its weight ? 

*A8 1:4000|2: :2: 32000000, the square root of which, 
less 4000, is 1656,85 miles, Ans.* 

Prob. V. — Knowing the weight of a body at. the earth's 
surface, to find how much it will weigh at the surfaces of the 
other planets. 

Rule.— See Principle 4, and the operati<>n of the following 

EXAMPLE. 

If a stone weighs lOOlbs. at the surfac^e of the earth, what 

*In relation to all these probkmci, the earth*s diameter is considered 
to be 8000 miles ; thoudi 0Ome estimate it at 7d64,l2, others at 79S8, or 
7911,73 mUes. 
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will it weigh at the moon's surface^ if its density and diameter 
is as may be found in the following table. The upper number 
is the density, and the lower one the diameter. 



Sun. Jupiter. 
883246. 89170. 


Saturn. 
79042. 


Earth. 
7911.73. 


( Moon. ) 
( 2180.) 


Mercury, 
3224. 


Venus. 

7687. 


Mars. 

2 
4189. 


Herschel. 

■nnr 
35112. 



•As 7911.73X4.6:100: :2180x3f : to the number of 
pounds required 

Note. — ^The order of the planets from the Sun, according 
to their distances, is Mercury, Venus, Earth and Moon, Mars, 
Jupiter, Saturn, and Herschel. 

Prob. VI. — ^To find at what distance iB'om any two planets a 
small body would be suspended between them both, the dis- 
tance of the two planets being known. 

Rule. — ^This is contained in Principal 5. 

EXAMPLE. 

At what distance from the earth would a body be suspended 
between the earth and Moon ? 

*If the quantity of matter in the earth be to that of the 
Moon as 1 to ,025 ; and the distance of their centred, 240000 
plus 3955.864-1090=245045.86. 

Then, as V'l-h/.025 : 245055.86 : : Vl : a number of 
miles from which subtract 3955.86, and the remainder will be 
the answer in miles. 

A problem and rule is contained in the following 

EXAMPLE AND OPERATION. 

How high will the attraction of the earth raise a tide on 
the moon, if the moon raise a tide on the earth 5 feet high, 
and supposing there are seas or oceans in the inoon. 

•As 2180| 3 X3f : 5 : : 791L73| ^ X 4^ : a fourth number 
directly. 

And, as 2180 : the 4th No, : : 7911.73 : to the required height 
in feet inversely. And the reason of such is this, the attrac* 
tion of the moon on the earth, or of the earth on the. moon, is 
directly as its quantity of matter, and inversely as its diam- 
eter. 
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II. SFECIFIC GRAVITY. 
DEFmrnoN and principle. 

1. The specific gravity of a body is its weight compared with 
the weight of its bulk of pure water, a cubic foot of water 
weighing 1000 ounces and being 1.000. 

2. If a body which will sink in water be first weighed in air 
and then in water, it will lose so much of what it weighed in 
air, as its bulk of water. 

Remarks. 1.— -If a body, whose specific gravity is required, 
is lighter than water, affix to it another body heavier than water, 
so that the mass, compounded of the two, may sink together, 
and to solve the questions of this nature, see the solution of the 
second elample. 

2. In obtaining the specific gravities of gold and silver ; 
instead of the specific gravities, you may obtain the same result 
by substituting the weight of a cubic inch, or of any other part 
of the compound, and the weight of the same bulk of gold and 
silver. 

3. The specific gravity of liquids, is found by weighing a 
solid body in car, in water, and in another fluid, and to solve 
questions relating to fluids, see the Problem and examples that 
relate to fluids. 

PBOBLEMS, RULES AND EYAMPLEfl. 

Prob. I. — To find the Specific Cfravitif of Bodies, 

Rule. — Divide the weight in air by the loss in water, and 
the quotient will be the specific gravity.* 

EXAMPLES. 

1. If apiece of gold weighs 516 grains in air, and loses 29 
grains by weighing it in water, what is the specific gravity of 
the gold ? 

♦Thus, 516-r29= 17,793 times its bulk of pure water, Ans. 

2. If a piece of elm weighs 151bs. in air, and a piece of cop- 
per weighing 181bs. in air, and 161bs in water is affixed to it, 
and the compound weighs 61bs in water. Required the spe- 
cific^ gravity of the elm. 

*Divide the weight by the balk, the quotient in the specific ffravity ; 
and, divide the weight by the specific gravity, the quotient is Uie mag- 
nitude. 



SPECIFIC GRAVITY, 99 

*Thus, 181bs.— 161bs.=i21bs.; 151bs.+181bs.=331bs.; 331bs., 
less 61bs.+21bs.=:251bs. 

Then, as 251b. : 151b. : : lOOOoz. : 600oz., or f as heavy as 
its bulk of water, Ans. 

Prob. II. — To discover the quantity of alloy in metals. 

Rule. — ^If the specific gravity of the compound be lighter 
than some of the articles in the mixture, subtract the specific 
gravity of the compound from the specific gravity of such arti- 
cles; and subtract the specific gravity of the lighter articles of 
the mixture from the specific gravity of the compound. The 
first remainders vrill show the proportional bulk of the heavier 
articles of the mixture, and the latter that of the lighter arti- 
cles. Multiply the differences by their respective specific 
gravities, and the products will be the proportional weights of 
each metal in the compound. Then as the sum of the pro- 
portional weights is to the whole weight of the compound, 
so is each proportional weight to the real weight of its kind in 
the whole compound or mixture. 

EXAMPLE. 

If a crown of gold and silver weigh 60 ounces, and the spe- 
cific gravity of the compound is 15, what part of the crown is 
gold, and what part is silver ? 

*In " TcAle of Specif c Gravities" 18,888 is the specific 

gravity of Standard Gold, and 10,535 that of Standard Silver. 

Tii^ ^f^ i 18,888 j 4,465, proportional bulk of gold. 

1 nen, lo ^ ^^ ^^ 1 3 ggg^ ,, ,, ,, ^^^^^ 

And, 18,888X4,465, proportional weight of gold, and 

10,535X3,888, " " "silver. 

Then find the quantity of each article of the mixture by the 
last clause of the preceding rule. 

Prob. III. — To fnd the Specific Chranity of fluids or 
liquids. 

Rule. — From the weight of a solid body, when weighed in 
air, take its weight in water, and the remainder is the weight 
of its bulk of water. Also, from its weight in air, take its 
weight in the fluid concerned, and the remainder is the weight 
of the same bulk of that fluid. Divide the weight last found 
by the weight of the same bulk of water, and the quotient is 
the specific gravity of the fluid or liquid of which you would 
find the relative weight. 
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1. A cubic inch of common glass weighs aboat l,36oz. 
Troy ; a cubic inch of salt water ,5427oz.; a cubic inch of 
brandy ,48927oz. Suppose then, B has a gallon of brandy in 
a bottle, which weighs 4 j^lbs. Troy, out of water, and to con- 
ceal it, throws it into the sea. Will it sink or swim, and by 
how much is it heayier or lighter than the same bulk of salt 
water ? 

•^ Ibs.-M,36oz.z=39,7a69,4-231=270,7059, cubic, inches 
in the bottle and brandy. 

Then, 270,7059 X, 5427= 146,912oz., weight of salt wa- 
ter occupied by the bottle and brandy. 

And ,48927x231,-f-54is the weight of the bottle and bran- 
dy, which is 20,1 loz.heayier than its bulk of salt water, hence 
the bottle and contents will sink. 

2. What is the specific gravity of French brandy, consisting 
of 5 parts, measure, of rectified spirits of wine and 3 parts 
water ? 
•850X5,+1000X3=7250,-r^3=:,906,25, specific gravity. 



III. MECHANICAL POWERS. 

LBVEB— WHEEL AND AXLE— INCLINED PLANE.- WEDGE- PULLEY— 

AND SCREW. 

DEFINITIONS AND PRINCIPLES. 

A LEVER is any inflexible bar, which serves to raise weights, 
if it is supported at a point, which is the centre of its motion, 
by B, fulcrum or prop. 

1. Principle. To balance a large weight by a small one; 
the distance between the fulcrum and the end of the lever to 
which the power is applied, must be as much greater than 
the distance between the fiilcrum and the weight to be raised^ 
as the weight to be raised is greater than that which is to 
raise it. 

The wheel and axle is a wheel turning round together 
with its axis ; the power is applied to the circumference of 
the wheel, and the weight to that of the axis by means of cords. 

2. Principle. The power must be to the weight as the ra- 
dius of the axle is to the radius of the wheel. 
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An inclined plane is a plane which makes an acute angle 
with the horizon. 

3. Principle. A power must be employed, parallel to the 
plane, which shall be to the weight of the body as the height 
of the plane is to its length. 

The wedge is two inclined planes, the base of each being 
joined to the other. 

4. Principle. The power must be to the resistance, as the 
thickness of the head is to the length of both of the slanting 
sides. 

The pulley is a small wheel, movable about its axis by 
means of a cord, which passes over it. 

5. Principle. When the axis of a pulley is fixed, the pul- 
ley only changes the direction of the power. If movable pul- 
leys are used, an equilibrium is produced, when the power is 
to the weight, as one to the number of ropes applied to them. 
If each movable pulley has its own rope, each pulley will double 
the power. 

The screw is a spiral thread or groove, cut round a cylin- 
der, and every where making the same angle with the length 
of the cylinder. In one round of the spiral, it rises along the 
cylinder the distance between two threads. 

6. Principle. The power must be to the weight as the dis- 
tance between the tc^s of the coils is to the circumference de- 
scribed by the lever. 

Remarks. — Weight and Power, when opposed to each 
other, signify the body to be moved and the body that moves it. 

In operating with the screw, wedge or pulley, one third o^ 
the power is lost in overcoming friction, and some friction is 
to be overcome in operating with the wheel and axle, or the 
inclined plane. 

PROBLEBfS, RULES AND EXAMPLES. 
I. THE LEVER. 

Prob. I. — Given, the power, the fulcrum's piace, and the 
length of the lever, to find the weight that may be reused. 

Rule. — This is contained in Principal 1 ; hence, when any 
three parts be given, by a little consideration^, the other may be 
readily found ; also, see the following 
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EXAMPLES. 

1. If a man weighing 1501bs. rest on the end of a lever 10ft> 
long, what weight will he balance on the other end^ if the prop 
or fulcrum be 2fl. from the weight ? 

•As 2ft. :8ft. (10ft.— 2ft.) : : ISOlbs. : eooibs., Ans. 

2. In giving directions for making a chaise, the length of 
the shafts, between the axletree and back-band, being settled 
at 9ft., a dispute arose whereabout on the shafts the centre of 
the body should be fixed. A advised to place it 30 inches, B 
20 inches before the axletree. If the body of the chaise and 
its burthen are 4201bs., what will the beast in both cases bear 
more than its harness 7 

*9ft.=108 inches ; then, 108 : 420 : : { ^ j ^JSg } « 

3. A cheese in one scale weighed 761bs., in the other scale 
56 lbs. Required its true weight. 

•The square root of the product of the different weights is 
the true weight. 

Thus, ^/76X56=:65TftVlbs., Ans. The den., 130=double 
the root, 65. 

4. A cheese in one scale weighed 901bs., in the other scale 
401bs. Required its true weight, and the proportional lengths 
of the two arms of the balance beam on each side of the ful- 
crum. 

♦Thus, \/90X40=e01bs. its true weight; then, 90—60= 
30, and 60—40=20. Then, if 301bs. : 3ft. : : 201bs. : 2ft. ; 
hence the arms of the scales are to each other as 2ft. to 3ft. 

5. Two men carrying a burthen of 2001bs., hung on a pole, 
the ends of which rest on their shoulders ; how much of this 
load is borne by each man, the weight hanging 6 inches from 
the middle, and the whole length of the pole being 6 feet ? 

♦4ft.=48in. ; 6in.X2=12 in. ; then, 48— 12=36in. ; and, 
36-7-2= 18in. ; then, 18+12=30. 
Then, as 48 : 200 : : 18 : 75 lbs., Ans. 
And, as 48 :200 : :30 : 1251bs., Ans. 

11. THE WHEEL AND AXLE. 

Prob. II. — Given, three parts of the wheel and axle, to find 
the fourth or required part. 

Rule.— See Principal 2, and the following 
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IV. THE WEDGE. 

Remark.— The wedge is of the same nature as the inclined 
plane, calling the breadth of the head of the wedge, the per- 
pendicular height of the plane, and the length of its side, the 
length of the plane, and the force acting against the head of the 
wedge, the power. 

EXAMPLE. 

If a wedge be 12 inches long, and its head 1 j- inch broad ; 
and if a screw whose threads are f of an inch asunder, be ap- 
plied to the head of this wedge ; and if a power of 2001bs. were 
applied to the end of the lever, 16 feet long ; what would be 
the force exerted on the sides of the wedge f 

•,75in. : 3,141592X 16X2X 12 : : 200 : 3216990,208. 
15in. :12in. : : 3216990,2081bs. : 2573592,1 16Ibs, Ans. 
(See Principles 4 and 6.) 

V. THE PULLEY. 

Rule. — As unity is to twice the number of movable pulleys, 
so is the power to the weight. Reverse the statement to find 
the power. 

When any three parts of this mechanical power are given, to 
find a required part, see Principle 5. 

EXAMPLES. 

1. If a cord which runs over 3 movable pulleys, be attached to 
an axle 4 inches in diameter, the wheel of the axle being 38 in- 
ches in diameter, and a power of 201bs. be exerted at the cir- 
cumference of the wheel ; what weight would be raised under 
the pulleys ? 

•Thus, as 4in. :38in. : :201bs.X3X2 : IHOlbs., Ans. 

2. There is a power equal to301bs. and a weight of 2001bs. ; 
if one end of a rope is fastened to a block of fixed pulleys, how 
many movable pulleys must there be so that the power shall 
raise the weight ? 

*As 301bs. — J of 30 lbs., allowed for friction, is to unity, so 
is 2001bs. to twice the number of movable pulleys, Ans. 5. 

VI, THE SCREW. 

Remark.— ^When any three properties of the screw are giv^ 
en to find a required part, proceed by Principle 6. 
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IV. FALLING BODIES. 

PEINCIPLES. 

1. Heavy tsolid bodies near the sarface of the earthy fall 
about 16 feet in the first second, that is, one foot in the first 
quarter, 3 feet in the second quarter, &c., increasing each 
last quarter, for every next quarter, 2 feet, in common air ; but, 
in vacuo, falling bodies acquire to 16,1 feet in the second. 

2. The space in feet through which a body has fallen, b 
equal to the square of the time in which it was falling, in 
fourths of a second. 

3. The velocities acquired by falling bodies, in a different 
number of seconds, are in proportion to the squares of their 
times ; hence, the number of feet a body falls in any second, 
beginning at one, may be found by multiplying 16 feet by the 
odd numbers, 1, 3, 5, ^^c. 

Thus, in 5 seconds ; 16x1=16; 16x3=48. 
And,16x5=80j 16X7=11^; 16X9==144,&c. 

4. Ascending bodies are retarded in the same ratio that de- 
scending bodies are accelerated. 

FBOBLEMS, RULES AND EXAMPLE& 

Prob. I. — The velocity of a body moving in any direction, 
being given, to find how far a body must faU to ctcqaire the 
same velocity^ 

Rule. — ^Divide the velocity by 8, and the square of the quo- 
tient will be the space fallen through. 

Reason, — Because the square root of the space fallen 
through, is always equal to one-eighth of the velocity acquired 
at the end of the fall. 

EXAMPLE. 

If the velocity of a cannon ball is 660 feet per second, from 
what height must a body fall to acquire the same velocity 1 

» 660-^8=82,25, then 82,25 X82,25=6806i feet, Ans. 

Prob. II. — The time in which a body has been falling, being 
given, to find the distance or space fallen through. 
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Rule.— Multiply the time in seconds by 4, and the square 
of the product will be the distance required. 

Reason. — Because the square root of the fbet fallen through, 
is always equal to four times the number of seconds the body 
has been falling. 

EXAMPLES. 

1. What is the difference between the depth of twa wells, 
into each of which, should a stone be dropped at the same in- 
stant, one would reach the bottom in 5 seconds, and the other 
in 3 seconds ? 

* 5X4=20, and 20X20=400; 3X4=12 ; 12X12=144. 
Then, 400—144=256 feet, Ans. 

2. A ball was seen to fall half the way from the top of a 
tower in the last second of time. How long was it in descend- 
ing, and what was its height before its descent 1 

* The VA=1, \/2=l,4142; and 1,4142— 1=,4142. 
Then, as .4142 : 1.4142 : : 1 :3.414-|- seconds, time of its 

descent. 

Then, 3.414x3.414X4=186.424+ feet, the space fallen 
through. 

Prob. III. — Given, the velocity per second, to find the time 
a body has been falling. 

Rule. — Divide the velocity by 8, and a fourth of the quo- 
tient is the time. 

Reason. — Because four times the number of seconds in 
which a body has been falling, is equal to one-eighth of the 
velocity, in feet, per second, acquired at the end of the fall. 

EXAMPLE. 

How long must a bullet be falling to acquire thevdocity of 
160 feet per second ? 

* 160-~8=20, and 20-^4=5 seconds, Ans. 

Prob. IV. — Griven, the number of feet fallen through, to find 
the time of a body's failing. 

Rule. — Divide the square root of the distance fallen through 
by 4, and the quotient will be the answer in seconds. 
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EXAMPLE. 

In what time will a ball dropped from the top of a[ steeple 
144 feet high, reach the ground ? 
•Thus, V144=12, and 12-r4=3 seconds, Ans. 

Prob. V. — Tojindthe velocity per second^ with which a 
heavy body will begin tofcM^fram any distance above the earth's 
surface. 

Rule. — As the square of the earth's semi-<diameter, in 
miles, is to 16 feet, so is the square of any other distance, in 
miles from the earths's centre, inversely, to the velocity re- 
quired. 

Reason, — See Principle 1, ("Gravity or Weight,") and 
Principle 1, ("Falling Bodies.") 

EXAMPLE. 

With what velocity will a heavy ball begin to descend per 
second, if raised 1000 miles above the earth's surface ? 
•As 4000X4000 : 16 : : 5000X5000 : 10,25 feet, Ans. 

Prob. VI. — Tojindthe velocity per second acquired by a 
falling body, or by a stream of water, at the end of any given 
time, in seconds, the perpendicular descent or fall being given. 

Rule. — Multiply the space fallen through by 64, and the 
square root of the product will be the answer. 

Reason. — Because the velocity acquired at the end of any 
number of seconds, is equal to twice the mea^ velocity with 
which the body falls during that time. 

Note. — ^If a question requires the reverse of a statement as 
by the rule, it will be when the velocity with which a falling 
body strikes an obstacle, is given, to find the perpendicular 
space fallen through. 

example. 

1. There is a short flume, one end of which is 2 J- feet high- 
er than the other. What would be the velocity of a stream of 
water through it per second 1 

•2,5X64=160, and \/160= 12,649 feet, Ans. 

The reverse, thus, 12,649 X 12,649,-^64=2 J feet, Ans. 

Note. — ^Ifthe velocity per second, 12,649, be multiplied by 
62,5 (lbs. per cubic foot,) for clear water, by 63 lbs. for dirty 
water, and by 64 lbs. for sea water, the product would be the 



106 PHILOSOPHICAL PROBLEMS. 

momentamor force, a fluid running with such velocity, would 
Btrike against a fixed obstacle. 

Prob. Vn. — Knowing the weight of a body, and the space 
fallen through^ to find the force with which it will strike. 

Rule.— Find the velocity by Problem VI., and the product 
of the weight and velocity will be the answer. 

Note.— If the weight and striking force is given, to find the 
space fallen through. 

Rule.— Divide the force by the weight, the quotient is the 
velocity. Then divide the square of the velocity by 64, and 
the quotient is th^ space fallen through. 

EXAMFLE. 

1. If the hammer used in driving the piles of Charlestown 
Bridge, weighed 2j- tons, and fell through a space of 10 feet ; 
with what force did it strike the pile ? 

♦2i tons=45001bs., and v^lOX 64=25,3, velocity; then, 
4500x25,3=1138501bs., Ans. 

The reverse ; thus, 1138501bs., force,-7-4500z=S5,3, and 

25,3|2-^-64=10 feet, space, Ans. 

Prob. VIII. — driven, the number of seconds from the time a 
body projected directly upwards returns to the earth, to find 
how high it ascended. 

Rule. — Multiply half the time, in seconds, by 4, and the 
square of the product is the answer. 

Reason. — See Principle 4. 

EXAMPLE. 

If a ball discharged from a gun, directly upwards, returns to 
the earth in 14 seconds, how high did it ascend ? 

*14-7-2=7, and 7X4=28 ; then, 28X28=784 feet, Ans. 

Prob. IX. — To find the depth of a well by dropping a stone 
into it, also the time of the stone* s descent and of the sound? s 
ascent. 

Rule. — ^Take aline of any length, and by Prob. 11. ("Pen^ 
dulums,") find the time from the dropping of the stone until 
you hear it strike the bottom. Then, multiply this time by 
73088 and to this product add .1304 164, and fi-om the square 
root of the sum take 1142. Divide the square of the remainder 
by 64, the quotient will be the depth of the well, in feet. 
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2. Divide the d^h by 114'^, the quotient will be the time 
of the sound's ascent, which, being taken from the whole tiipe, 
will be the time of the stone's descent, in seconds. 

22ca5(?n.— 73088=16X4><1142; 114$^ feet being the flia- 
tance, which sound moves in a second,; and 1304164=1142 
squared j and5 64=16X4; for the reason of 16X4, see Prin- 
ciple 2. ... 

EXAMPLE. ^ ^ . ^ 

1 dropped a stone into a* well, and a string with a plummet, 
which measured 25 inches from one end of the string to the 
middle of the plummet, made 5 vibrations before I h^ard the 
stone strike the bottom. Required the depth of the well, time 
of the stone's descent, and of the sound's ascent. 

•\/25-J-39.2j=.7985,X5=4 seconds, from the dropping of 
the stone to thp hearing pf it strike the bottom. 

Then, V^3088X4,+1304164,— 1142=121.53. ; 

And 121.53, X 121.53,-7-64=230.77 feet, dejpth of the well. 

Then, 230.77-7-1142=.2of a second, time of the sound's 
ascent. 

And, 4TT-.2zi:3i8 seconds, time of the stone's descent. 



V. RIVERS AND FLUIDS. 



PRINCIPLES. 

1. If the breadth of a river is uniform, the motion of the 
water is accelerated in th6 same manner with any bodj mov- 
ing down an inclined plane. And the force with whieh a 
body descends down an inclined plane is to that with Which it 
would descend freely in air, as the devotion of the plane is to 
its length, or as the sine of the angle of inclination is' to radius. 

2. The water ait the bottom of a river runs faster than the 
water at the surface. And the velocity of each drop of water 
in a river of uniform depth, is bs the square root of its dis- 
tanoe from the level of the surface of the foutntain,. and that 
d^st^ce is greater to the .bottom than to the surface of the 
river. . . 

3. The depth of a river coatinui^ly decrea^c^^ as it run^ if 
not. fed by tributary streams. Becausej the farther a river runs, 
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the swifter it runs and the mcsre.water passes in the same time, 
jeaving less water to follow. 

PROBLEMS, RUIZES AND EXAMTLEa 

I 

Prob. I. — Given f the height of a heaii of water above the 
sluice y to find what the Height must b'e to discharge any given 
proportion more. 

Rule. — To the square root of the first height, add the given 
proportion of the root, and the square of the sum will be the 
answer. 

EXAMPLE. 

If a head of water be 6^ feet above the sluice, how high must 
it be to discharge one fifth as much more in the same time 1 
•\/6.25^2.5,which plus a fiflh of itself is 3. 
Then, 3 X 3=9 feet, height, Ans. , 

N. B.-^Fof other problems, their rules and examples, see 
problem 6, its Rule, Reason, Notes, tind Example, ('Talling 
Bodies.") 

Note. — ^Water being a yielding substance, it loses two-thirds 
of its power in producing effects. 

P. S. Prob. II. — Tofind the perpendicular pressure offiuids 
on the bottom of vessels. 

Rule. — Multiply the area of .die bottom by the altitude of 
the fluid, and that product by its specific gravity, gives the 
pressure required. 

EXAMPLE. 

Suppose a vessel is 3 feet wide, 5 feet k^ng, and 4 feet high. 
What is the pressure on the bottom, it being filled with water 

to the brim ? 

♦3X5=15 square feet, larea of the bottom. 
. Then, 15X4=60 fcubic feet. ^ 

Then,60X62.5=37501bs.=l ton 13cwt. Iqr. Seibs. Ans. 

Prob. III. — -To find the q%antity of pressure against the 
sluice or bank, which pens a body cfwqter, 

RuLE.-^Multiply the area of the sluice, under water, by the 
depth of the centre of gravity, (which is equal to half the 
depth of water,) in feet, and that product again by 62^ for clear 
water, or 64 "for sea-water, the product is the answer, in 
pounds. 
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EXAMPLB. 

If the length of a sluice be 30 feet, and the depth of the water 
4 feet. What is the pressure against thef side of the sluice ? 

*3ax4=12a feet, area of the side, and 120X?, (depth of 
the centre of gravity,) gives 240 cubic feet. 

Then,240X62.5=150001bs., Ans. 



VI-: PENDULUMS. 

PRINCIPLES. 

1. The timeof an oscillation, in the cycloid, is to the time of 
a heavy body's descent through half its length, as the circumfer- 
ence of a circle to its diamete]r, which is as 3.1416 to 1 ; and a 
heavy body descends freely, by the attraction of gravitation, 
193.5 inches in the first second, nearly, in our latitude. 

2. The time of the vibration of a pendulum vibrating in a 
chord of a circle, is equal to the time in which a body falling 
freely, would, descend through eight times the length of the 
pendulum. 

3. The time^ of the vibrations . of pendulums of different 
lengths, are as the square roots of their lengths. 

4. The vibrations of a pendulumof the same length, are all 
performed in nearly the sarnie time, whether the vibrations are 
large or small, but ^s the time of the latter is rather the least, 
a great number of them together would make a sensible differ- 
ence of time, and as in cold weather the wheels of a clock are 
obstructe^d considerably more than in warm, so as not to com- 
municate so much force to the^ pendulu^, a clock will gain 
time in winter ; * another: cause of itfi gaining is, the cold con- 
tracts the length of the pendulum rod a little^ which makes 
it vibrate rather faster. 

5. The power of gravity is greatest at the poles of the earth, 
and least at the equator, hence, the greater the latitude of a 
place, the longer miist be the pendulum, to vibrate in any giv- 
en time. A pendulum vibrating seconds, in lat. 51^ 31', is ^ 
of an inch longer than one vibratingiseconds, at the equator*. 

N. B. — 39.2 inches is the length of & pendulum vibrating 
seconds in lat. 51^ 31'. ^ 
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PROBLEUS, RUUSB AND FiXAMPTiEfl. . 

Prob. I.-— Tojind the length of a penduium vibrating in cmy 
given time. 

RuLE.^Hultiply 4he square of the time in seconds^ by 994^ 
and the product will be the length of the pendulum in inches. ' 

EXAMPLE. 

Required the lengths of several pendulums, which :i¥ill re- 
spectively swing 4th .seconds, half seconds, seconds, and 
minutes. 

*.25 X .25 X 39.2=2.45 inches, to swing 4th seconds. 

.6 X .5 X 39.2=9.8 inches,to swing half seconds. 

' 1 X 1 X39.2=39.2inches ; or, thus, as 

8.1416X3.1416:1: : 193.5: 19.6 inches, half the length, 
Ans. 39.2 in. for sec. ;. 60X6bx39.2=2 miles and 1200 feet, 
to swing minutes. 

Prob. Ui^^ To Jind the time which a pendulum of any given 
length toiU swing. ^ 

Rule. — Divide the given length by 39.2 and the quotient 
will be the square of the time in seconds. 

EXAMPLE. 

HoiV often will a pendulum of 9.8 inches vibrate in a second % 

•Thus, /s/9.8-r-39.2,=.5 of a second, that is, it vibrates 
half seconds. 
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PROBLEMS, RULES AND EXAMPLES. 

Prob. L: — CHven, the weight to he raised by a balloon, to 
find its diameter. , 

Rule. — As the specific difference between tsommon and 
inflammable air is to one cubie foot, so is any weight to be 
raised, to the cubic feet contained in the balloon. Divide the 
cubic feet by .5236, and the cube root of the quotient will b^ 
the diameter required ; but, to raise it, the diameter moirt be 
something greater, or the weight something less. 
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> EXAMPLi;. 

I would construct a spherical balloon, of sufficient capacity 
to ascend with 4 persons, weighing one with another, 160 lbs., 
and the balloon and a b^ of sand weighing 60 lbs. Required, 
the diameter of the balloon. 

*■ By the " Table of Spec^ific Gravities," I find a cubic foot 
of common air weighs 1.25 oz., and a cubic foot cfi inflammable 
air, .12 o^., each Avoirdupois Weight. 

Then, 1.25 — .12=1.13 oz., difference. • 
And, 160x40,4-60=700 lbs.=11200oz. 
Then, as 1.13 : 1 ft. : : 11200 oz. : 901 1.5044, the cube root 
of which is 26.65 feet, required diameter, Ans. 

Prob. II. — Oiverif the diameter of a beiiloan, to find the 
weight it is capable of raising. 

' Rule.— J-Multiply the cube of the diameter by .5236,. and 
the product will' be the content in cubic feet. Then as a 
cubic foot is to the specific difference between common and 
inflammable air, so is the content of the balloon to the weight 
it will raise.. 

EXAMPLE. 

The diameter of a balloon ia 26.65 feet. What weight is 
it capable of raisiiig ? 

♦Thus, 26.65X26.65X26.65X. 5236=9911.5044 cubic 
feet. 

Then, as 1 cubic foot ; 1. 13 :: 9911 .5044: ounces Iq 
700 lbs., nearly, Ans. 



VIII. THE BAROMETER. 

The Barometer is so formed, that a column of quick-sil- 
ver is supported within it, to such a height as to counterbal- 
ance the weight of a column of air, of an equal diameter^ ex- 
tending fi'om the barometer to the top of the atmosphere. 

At the surface of the earth, the height pfthid column of 
quick-silver is, at ui average, almost ^0 inofaes. 
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Cold contracts this column of quick-silyer^ and heat ex« 
pands it. 

Hence^ the formation of this instrument for measuring 
heights. 

EXAMFUB8, ETC. 

1. What is the pressure of atmosphere on a square foot, and 
on. the surface of a man's body, estimated at 14 square feet 1 

• By the " Table of Specific Gravities," a cubic foot of 
quick-silver is 1S600 oz.. Avoirdupois; the height of the 
barometer is 2.5 feet; then, 13600x2.5=2125 lbs., on a 
square foot ; hence, 29750 lbs. on a man's body. 

' 2. If the mercury in a barometer, at the bottom of a tower, 
be observed to stand at 30 inches, and, on being carried to the 
top of it, be observed at 29.9 inches. What is the height of the 
tower] 1 

* The specific gravity of air, 1.25)13600(10880, tenths, 
equal 1088 in.=90f ft., Ans. 

Remark : — The number of f^et, in height, of the atmo- 
sphere, corresponding with ■i\j of an inch on the barometer, is 
variable, depending upon the temperature and density of the 
atmosphere. 

This variation, depending on the temperature, may be 
shown by the Thermometer, (see ** Sundry Tables,") which 
is calculated for every 5 degrees^ from 32 to 80, Farenheit ; 
the intermediate degrees may be easily calculatedi by allow- 
ing .21 of a foot for each degree. 

The altitude, thus found, will be to the altitude corrected 
for the density of the air, inversely, as the mean height of the 
barometer, at the two stations, is to 30 inches; hence the fol- 
lowing 

Rule. — Multiply the mean height corresponding to the 
mean temperature of the barometer at both stations, (found in 
the Table,) by the tenths of an inch in tJie difference of the 
barometer at both stations, and this product by 30 ; divide 
this last product by the mean height of the barometer at both 
stations, the quotient will be the answer, ot height required, 
with the errpr of a few foet only, if th^ height 1^ l^ss than a 
mile. 
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tn measuriug a heighj;, at the first station, suppose the bar- 
ometer to stand at 29, and the thermometer at 40; at the 
second station, the barometer at 28, and the thermometer at 
40. Wljat is the height of the second station above the first? 

OPEKATION. 

barometer, at the two Stations ; 29— 28=:l=sl0 tenths of an 
inch. 

Th«"' {sJSonSo;} -^=«0» thermometer's mean 
height, against which, in the Table, you will- find 90.66, mean 
temperature of the barometer at both stations. Then, by the 
Rule, 90.66Xl0x30»-^^-5=^54.3 feet, height of the se- 
cond station above the first. 

Note.— In obtaining the mean height of the thermometer, 
or barometer, for mo^e than two stations at one measurement, 
we must add half of the two extremes to the sum of the means, 
and divide this sum by the number of intervals* 



IX. SUPPLEMENT. 

01? BODIES PUT IN MbTIGIJ. 

l^RINCIPLES. 

1. If the quantity of matter. Or weights of any two bodies, 
put in motion, be equal, the force by which they ar6 moved, will 
be in proporticm to their velocities. 

2. If the v^ocities of these bodies be equal, their forces will 
be directly as the quantities of matter contained in them, that 
is, as' their weights. ^ 

3. If both the quantities .of matter and the velocities be un- 
equal, the forces, with which the bodies are moved, will be in 
a proportion con^tinjied of their jquantitiea of matter and 
yelocities. 
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8UND&Y EXAMPLES. 

- 1. Suppose the battering ram of Vespasian weighed 60000 
lbs.; that it wad moved at the rate of 24 feet in a second, and 
that this was sufficient to demolish the walls of Jerusalem. 
With what velocity must a cannon ball^ which weighs 42 lbs. ^ 
be moved, to do the same execution ? 

* Thus, if 60000 :24 : : 42 : 34285^ feet in a second, Ans. 

2. A body, weighing 30 lbs., is impelled by such a force as 
to send it 20 rods in a second. With what velocity would a 
body weighing 12 lbs. move, if it was impelled by the same 
force?  y 

* Thus, if 12 : 20 : : 30 : 50 rods per second, Ans. 

3. If the earth^s mean distance from the sun be 95 millions 
of miles, at what distance from him must another body be 
placed, that it may receive a degree of light and heat double 
to that of the earth ? 

* Thus, >v/95000000X950000QO,-r^=67175144+ miles, 
Ans. 

4. A is sitting 3, and B 6 feet distant from a fire. How 
much hotter is it at A's than at B*s seat ? 

^ Inversely, as, 6X6:1 : :3X3:4, hence A's place is 4 
times as hot as B's, Ans. 

N.B. — Effects produced by beds of attracting ^substances are 
in proportion to the squares of the distance. This principle 
extends to the two preceding questions. 

5. A lens of 47 inches diameter, and 38 inches focal dis- 
tance, will condense the solar rays to 17.257 times a degree of 
heat, and melts copper ore in 8 seconds ; and, the power of 
such glasses for burning, are as the area of the lens, directly, 
is to the square of the focus* distance, inversely ; hence, if a 
lens of the preceding dimension produce the preceding effect, 
in what time would copper ore be melted by a lens of 36 in- 
ches diameter^ and 80 inches focus 1 

* First, 47X47X11,-7-14 : 38x38 : : 17.257 ) . . , ^^^ , 
36x36X11,-7-14:80x80 , J • ^^-^7^+ 

times a degree of heat. 

Then, if 17.257 : 8 : : 44.873 ; 3.07+ seconds, Ans. 
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MENSURATION. 

HBIGHTB, DISTANCES, BUnSFICIBB AND 0OLID8. 
^ DEFINITIONS. 

» 

RsMARK.-^The definitions that may be found in a Diction- 
ary, containing the principal words of the English language, are 
omitted. 

L A paint is that which has position, but no magnitude, 
nor dimensions ; neither length, breadth,^ nor thickness. 

2. A Une is length without breadth, or thickness. 

3. A straight or right line is the shortest way from one 
point to another. When a line is mentioned simply, it means 
a right line. 

4. A chard of a circle is a right line joining the extremities 
of an arch, and is the measure of the arch. 

Note. — ^The chord of an arc of 60 degrees, is equal in 
length to the radius of the circle of which the arc is a part. 

6. The sine of an arc is a line drawn from one end of the 
arc, perpendicular to the radius or diameter drawn through the 
other end ; or, it is half the chord of double the arc. 

* NoTE.-^The sines on the same diameter, increase in length 
till becoming radius, decreasing after. Hence, radius is the 
greatest possible sine. 

6. The versed sine of an arc, is that part of the diameter or 
radius which is between the sine and circumference. 

7. The tangent of an arc is a right line touching the cir- 
cumference, and drawn perpendicular to the diameter ; and is 
terminated by a line drawn from the centre, through the other 
end of the arc. 

NoTE.-^-The tangent of an arc of 45 degrees, is equal in 
Icnigth to the radius of the circle of which the arc is a part. 

8. The secant of an arc, is a line drawn from the centre, 
through one end of the arc, till it meets the tangent. 

9. The complement of an arc, is what' it wants of 90 degrees. 

10. The supplement of an arc, is what the arc wants of 180 
degrees. 

NoTE.-^The sine of any arc, is the same as that of its 8ui>- 
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plement. So, likewise, the tangent and secant ef any arc are 
used also for its supplement. Also, the sine, tangent, or se- 
cant of the complement of^any arc, is called the co^sine, co- 
tangent, or co-secant of the arc. And the sine, tangent, or 
secant of an arc, is also the sine, tangent, or secant of the 
angle whose measure the arc is. 

11. Angles are right or oblique, acute or obtuse. 

12. If a right line meet a right line, and incline to neither 
side, making the angles on each side equal, then those angles 
are called right angles. - 

13. Every angle less than a right angle, is an acute angle ; 
and every angle greater than a right angle, is an obtuse angle. 
An oblique angle is either obtuse or acute. 

14. A. plane is a surface, in which any two points being tak- 
en, the straight* line joining those pdints lied wholly within that 
surface. 

Note. — Plane figures, that are bounded by right lines, have 
names according . to the number of their sides,* or of their 
angles j for they have as many sides as angles, the least number 
being three, which is called a triangle, and receive particular 
denominations from the relations of its sides and angles. 

15. Equal figures are those, which being applied, the one 
to the other, coincide entirely ; thus, two circles having the 
same radius, are equal, &c. 

Note. — Equal figures are always similar, but similar figures 
may be very unequal. 

16. In two different circles, similar ares, • similar jsectars, 
similar Segments, are such as correspond to equal angles at 
the centre. 

17. A solid angle is the angtilar space comprehended be^ 
tween several planes which meet in the same point. 

18. An equilateral ^triangle is that whose three sides are 
equal. 

19. An isosceles triangle is that which has two sides equal. 

20. A scalene triangle is that whose three sides are un- 
equal. ' . 

21. A right-angled triangle is that which ha^ one right 
angle. 

22. An obliquerongled triangle may be either acute or ob- 
tuse. 



PEFINITIONS. 119 

23. An ohtusc'ongled triangle has one obtuse angle. 

24. An ficute-angled triangle has its three angles acute. 

25. A spherical triangle is a part of the surface of a sphere 
comprehended by three arcs of great circles. 

Note. — A spherical triangle takes the UKaieofright-angledy 
isosceles and equilateral, Hke a plane triangle^ and under the 
same circumstances. 

26. A segment is any part of a circle bounded by an arc, 
and its chord. The smaller psirt is understood when the con- 
trary is not expressed. 

27. A spherical segment is the portion of .a sphere compre- 
hended between two parallel planes, which are its basis. One 
of these planes may be a tangei^t to the sphere, in which case 
the spherical segment has only one base. " 

28. A sectof* of. a circle is a space contained between two 
radii, ahdjan arc les^ than 180 degrees, or a semi-circle. 

29. A spherical polygon is a part of the surface of a sphere 
terminated by several arcs of great circles. 

30. Every section of a sphere made by a plane, is a circle ; 
hence, a great circle is the section made by a plane which pas- 
ses through the centre, and a small circle is the section made 
by a plane which does not pass through the centre. 

31. A circle, mathematically described, is a surface which 
has length and breadth, and circumference is only a line. 

32. A rhomboid or rhomhoides is a figure bounded by four 
sid^, the opposite ones being equal, but the angles oblique. 

33. A trapezoid is a figure bounded by four sides, two of 
which axe parallel, though of unequal lengths. 

^. A trapezium is a figure bounded by four unequal 
sides. 

35. A spherical pyramid is the part of a sphere compre- 
hended between the planes- of a solid angle, whose vertex, is at 
the centre. The base of the pyramid is the spherical poly- 
gon intercepted by these planes. 

36. The sector of a sphere is composed of a segm^t less 
than a hemisphere, and a cone, having the same base with the 
segment, and its vertex in the centre of the sphere. 

37. A paraboloid,, or parabolic conoid, is> solid forined by 
the revolutioipi of a parabola about its axis. 
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38. A ^heroid is a solid geaerated bj tkereroliition of an 
ellii>8e| or oval, about the transverse or. conjugate diameter. 

29, Every solid terminated. by planes^ is called ^L^lidpolye'' 
dran, or, simply, ^pofyedron. ^ . 

40. A cylinder&id is a solid similar to a cone ; one base 
may be an ellipsis, and the pth^ a disproportional ellipsis or 
circle. 

41. A prismoid 4s a solid similar to the frustum of a pyra- 
mid, but its bases are disproportional. 

42. The aids qf a solid, is a line drawn from the middle of 
one end to the middle of the opposite end; as between the c»>- 
posite ends of a prism. 

43; The height, or aUitudt of a solid, is a line drawn from 
its vertex, or' top, perpendicular to its base. 

T 

Note. — As we have not been able to obtain en^avings to 
represent any of the preceding figures, the Teacher will, I 
trust, have the goodness to draw them foY the Pupil, on paper^ 
the slate, or on the black-board. 

- It is very necessary to th(»:oughly understand the peculiar 
properties of the preceding named figures ; therefore, intense 
application is necessary. 

PBINCIPLES ASSUMED. 

IThefollomng Propositions are Demonstrdbly true : — 

1. Two triangles are equal when two sides and the included 
angle of the one are equal to two sides and the included angle 
of the other, each to each. 

2. In an isosceles tri.angle, the angles Opposite to the equal 
sides are equal. - . . 

3. Of the two sides of a- triangle, that is the greater which 
is opposite to the greater angle ; and, conversely, of the two 
angles of a triangle, that is the greater which is opposite to the 
greater side. . . ' 

^ 4. In every triangle, the sum of the three angles is equal to 
two right angles ; in a square^ there are four right angles, 

5. The sum of all the interior angles of a polygon, is equal 
to as many times two right angles as there are units in Uie 
number of sides less two. - 

Note. — A re-enteriiig angle is one whose vertex is directed 
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inward/ and a valiant angle has its vertex directed out- 
ward. 

6. Every chord is less than the diameter, 

7. A straight line cannot meet the circumference of a circle 
in more than two points. 

8. The circumference of a circle may be made to pass 
through any t}»ree points which are not in a right line, but 
the circumference of only one circle may be made to pass 
through the same points. 

9. If the distance of the centres of two circles is equal to 
the sum of their ^ adii^ these two cirdes will toacji each other 
externally. 

10. If the distance of the centres of two circles is equal to 
the difference of their radii, these two circles will touch each 
other internally, 

11. In the same circle, or in equal circles, .if two angles at 
the centre are to each other as two entire numbers, the inter- 
cepted arcs will be to each other as the same numbers. 

12. Whatever may be the ratio of two angles, these two 
angles will always be to each other as the arcs intercepted be- 
tween their sides, and described from their vertices, as centres, 
with equal radii. 

13. The inscribed angle has f6r its measure the half of the 
arc comprehended between its sides. 

14. The angle formed by a tangent and a chord., has for 
its measure the half of the arc comprehended between its 
sides. 

15. In a right-angled triangle, the square of the longest 
side is equal to the sum of the squares of the other two sides. 

16. Every triangle is half of a parallelogram of the same 
base and altitude. 

17. The area of a trapezoid is equal to the product of its 
altitude by half the sum of its parallel sides. 

18. A line drawn so as to divide a triangle parallel to its 
base, divides the sides proportionally. 

19. If from the right angle of a right-angled triangle the 
perpendicular be let fall upon the hjrpothenuse*— 

I. The two partial triangles will be similar to each other, 
and to the whole triangle. 

II. Either side will be a mean proportional between the 
hypothenuse and the adjacent segment ; and*-* 
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ni. The perpmdieukB wBI be« neanpvofortiomd b^tveoi 
the two segments. 

20. Two. triangles, which hftve an angle in the^one equal to 
an angle in the iSben, are to ^eh other as the reetangks of the 
sides, which contain the equal angles. 

21. Two BimBar triangles are to each other as the aquares 
of their homologous sidas. 

22. Two similar p<^7gons are composed of the same num- 
ber of triangles, which are similar to each other, and smlarly 
di^Kiaed. 

93. The perimeters of atniffar p^goos are as their honm^ 
logons sides, and their surfaces are as the squares of these 
sides. 

94. The prodoet of three sides of a triangle is equal to the 
surface multiplied by double the diameter of the eircorascribed 
circle. 

95. The surface of a triangle is equal to its perimeter, mu^ 
tiplied bj half of the radius of the inscribed circle. 

26. The twodiagons^ of an inscribed quadrilateral ' figure, 
are to each other as the sums of the rectangles of the sides ad- 
^fccent to their extremities. 

27. The circumferences of circles are as their radii, and 
sur&ces are as the squares of their radii. 

28. Two angles at the centre, measured in two different cir- 
cles, are to each other as the contained arcs dirided by their 
radii. 

29. The capacity of solids are as the cubes of their proper- 
ties. 

30. The convex surface of a cone is equal to the circum- 
ference of its base, multiplied by half its slant height. 

31. The convex surface of the frii^um of a cone, is. equa} 
to its side, multipli^ by half the sum of the cisc^i^reiices of 
the two bases. 

N.B. — For demonstrations of the precedtng probiesoi^ the 
studosl is r^rred to the Cambridge Itfjatbeaaatics. 

SBOWUBIW, KDLES MSD EXABmJiS. 

N.B. — ^The more common Problems m Mensuratioff ex- 
cluded in this, wtii be found in most works on Artthmetie. 



Afi «pplieattoa of the fdlowing Problems and promiscuous 
questions, with the more commcm Probiems just mentioaed, k 
is believed, ^contain {Precedents for sokihg the great variety of 
questions, generally classed with MensuratioB. Also, see 
" Sundry Tables;' IV. and V. 

Prob.'I. — To estimate the Distance of Objects on level 
ground, or at sea, having only the Height given. 

Rule. 1 — To the earth's diameter, (viz., 42056462 feet,) 
add the height of the eye, and multiply the sum by that height, 
and the square root is the distance required. 

2. The required distance is a tangent to the earth's surface ; 
therefore, to find the distance of two elevated objects, when 
the right line joining them touches the earth's surface between 
those objects, work for each object separately, and the sum of 
the square roots of the products is the distance of the two ob- 
jects from each other. 

JQXAltPLE. 

How far may a mountain be seen on level ground, Or at 
sea, which is a mile high, siqiposing tl»3 eye of the obs^rer 
elevated five feet above the surface 1 



OPERATION. 



V(42066462- 

/v/(42056462^ 



.5,X5)= .... 2,746 miles. 
-5280, X 5280)= - 89,253 <« 



AniS. 91,999 " 

pROB. II.-^T(9 estimate the Height af Objects on level 
ground, or at sea^ having only the -Distance given. 

Rule. 1 — From the given distance, take the distance 
which the elevation of your eye above the^ surface will give, 
found by the last Problem. 

2. Divide the square of the remainder, in feet, by 42056402 
feet, ajod tlie quotient wiH be the height required. 

EXAMPLE. 

Being on my return firom a ioreign voyage, and finding by 
my letkomag I was 6^ leagues from P(»tUad JigjaUkovm, it 
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being in the dosk of evenings with my telescope, I descried 
the l^p of the light-house in. the horizon, at which time my 
eye was elevated 6 feet above the surface of the water. What 
is the height of the light^ho^se above the water ? ^ 

OPERATION. 

5j- leagues=16.6 miles. 

Then 16.5—^(42056463+6, X^)=13.943 miles, equal 
73619 feet, nearly. 
Then, 73619X73619,-^42056462=129 feet, nearly, Ans. 

Prob. III. — To determine a right-angled triangle, wJiose 
hose coincides with the diameter of a given semi-circle y about 
which it is circumscribed ; the ratio of the hypothenuse and 
perpendicular being given. 

Rule. — ^Take any two numbers in the same ratio of the 
hypothenuse and perpendicular; then, as the hypoth^ is to 
sine 90, so is the perpend, to sine of the angle opposite. And 
as radius given to the semi-circle is to sine 90', so is tang, 
double the angle first found to the actual length of the per- 
pendicular, from which, by means of the given proportion, the 
other sides may be found. 

Prob. IV. — To Measure a Triangle, 

RuL£. — ^From half the sum of the three sides, subtract each 
side severally ; multiply these three remainders and the said 
half sum continually together ; the square root of the last pro- 
duct will be the area of the triangle. 

Prob. V. — To Measure any irregular plane figure, 

RtTLE. The whole may be divided into triangles, and mea- 
sured separately ; the sum of the area of the triangles will be 
the area of the whole. 

Prob. VI. — Criven, th)R minutes of a Survey, to draw a Map 
of it, and to find the area bt/^ Construction, 

Rule. — Draw a line to represent a Meridian, from which 
lay off a Bearing or Course of the first side of the field, from a 
line of Chordis ; and from a scale of equal parts measure the 
length of the side, and draw a line to represent it ; at the end 
of this line, draw a line parallel to the meridian line, and then 
lay off the second side of the field, as before taught ; proceed in 
the same manner to draw parallel lines, and to lay off the seve- 
ral sides, till the whole is protracted; divide .this map intotri- 
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angles, by drawing diagonals, and the sum of ^ areas of these 
triangles is the area of the field. 

Note. — ^In protracting a survey, let the top of the paper be 
considered as N., the bottom S., the right hand as £., and the 
left hand W. ; lay the course to the right or left of the meri- 
dian line, accordin|^ as it is E.or W., and from the upper or 
lower part of the Ime, according as is N. or S. 

-N.B. — ^To find the area of a field, by calculatioa, the aides 
and angles of oblique-angled triangles, belongs, more properly 
to what is contained in some work on Snrreyinff, and conse- 
quently for this and other reasons will be omitted .in this. 

Pros. VIL — Given, the Segment, of a Cirde, to find the 
Length of the Arch, 

Rule. — ^Divide the segment into two equal parts; then 
measure the chord of the half arch, firom the double of which 
subtract the chord of the whole segment ; and one-third of 
that difference being added to the double of the chord of the 
half arch, will give the length of the arch line. 

EXAMFI^. 

The whole chord of a segment is 216, either of the other 
sides is 126. Required, the arch line. 

• 126X2,— 216-r3,-f.252=264, length of the arch line. 

Prob. YIII. — Given, the Chord and versed Sine of a Seg- 
ment, to find the Diameter of a Circle. 

Rule. — Multiply half the chord by itself, and divide the 
product by the versed sine; add the quotient to the versed sine ; 
the sum will be the diameter. 

N.B. — ^The diameter of a circle to its circumference, is as 1 
to 3.14159265358979323846264338387950288419716939937 
510582097494 45923078164052862889966080348253421 170 
679, nearly. Deeimais 100 in number. 

To find a square ^at is exaotly equal to a given circle, has 
never yet been discovered, aad jfrobablt/ never will. 

Prob. ISi.'^Tofind the length and breadth of a paitMeUh 
gram, when the area is given, and the length exceeds ike breadth 
by a certain number of rods. 

RuLE.--Sqttare half the number (d rods that the length ex- 
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ceeds the breadth, add the square to the area, and to the square 
root of the sum add the half number of rods which the length 
exceeds the breadth ; the sum is the length ; subtract the differ- 
ence of the two sides from the length ; this difference is the 
breadth. 

Prob. X. — The diagonal and length of a parallelogram be- 
ing given in one sum, and the breadth separately^ to find tie 
length and area. 

Rule. — Divide the square of the breadth by the sura of the 
diagonal and length ; the quotient is the excess of the diagonal 
above the length, half of which excess, subtracted from half the 
sum of the diagonal and length, will leave the length, which 
multiplied by the breadth, gives the area. 

Prob. XL The diagonal and the breadth of a pardfleh' 
gram being given in one sum, -and the lefigth separately, to find 
the breadth, 

f 

> Rule. — ^From the square of the diagonal and breadth, sub- 
tract the square of the lengthy divide the remainder by twice 
the sum of the diagonal and breadth, ihe quotient will be the 
breadth. 

Prob. XII. — Given, the diagonal and area of a parallehh 
gram, to find the length and breadth. 

Rule. 1. — Divide ^he area by the diagonal, and square the 
quotient. Square half the diagonal, and the square root of the 
difference of the squares, subtract from half the diagonal. 

2. Square the remainiler, and add the square of the xjuotient, 
and the square toot of the sum of the two squares^ will be the 
breadth, by which divide the area, the quotient is the length. 

Prob. XIII. — To measure a Cylinderoid, or Prismoid, 

Rule. — ^To the areas of both bases, add a mean area, that 
is, the square root of the product of the two bases, multiply 
that sum by a third of the height or length, the product is the 
solidity. 

Prob. XIV.— To find how large a Cube may be cut from 
any given sphere, or be inscribed in it 

Rule. — Extract the square root of one-third the square of 
the diameter, the root is the side of the required cube. 
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I 

iPKOMIfSCUQITS Qt7ESTIONS IN MENSnfJRATION-. 

r. What is the Hjrpothenuse and Perpendicular of a right- 
angled triangle, whose sides are in the ratio of 7 to 4, the base 
being 100? 

*V7X 7, — i X 4=5.7445, ratio of the base, 
rpt,^ J 5,7445:4 : : lOO : 69.68, Perpendicular, > . 
inen,^ " :7: : " : 121.94, Hypothenuse, / -^"^• 

2. In an olique-angled triangle, the product of th& two sides 
is 186, and their difference 3.5, the shortest side is to the base 
in the ratio of 4 to 7. Required, the sides. 

* 3.5 X 3.5,~ 4=3.0625, -|- 186=189.0625 ; its square 
root is 13.75. 

Then, 13.75— 3.5-r-2=12, shortest side. 
And, 13.75+1.75=15.5, longer side. 
And, if 4:12: :7:21, base. 

3. In a right-angled triangle, the difference of the sides is 
70 rods, and the difference of the segments of the hypothenuse, 
made by a perpendicular let fall from the angle opposite, is 
98. Required the sides. 

* In questions of thi^ nature, the difference of sides will 
form the hypothenuse, and the difference of the segments the 
sum of the two legs of a triangle, in all respects similar to the 
given one. 

Therefore, 98 X 98,-^70 X 70=4704. 
^ 70 X 70—4704 =14, difference of sides. 
And, 98+14,-r-2=56 ; also, 98r-14,-~2=42. 

( 14 : 70 : :56 :280, Basd, I 

Then, as < 14 : 70 : : 42 : 210, Perpendicular, V Ans. 
( 14 : 70 : : 70 : 350, Hypothenuse, ) 

4. In a triangle, the area is 216, the angle at the base 36° 
52^, and the cube of the sides is 46656. Required; the sides. 

* The base, multiplied by the perpendicular, must be 432. 

^ As the sine of the given angle is to 3, so is the co-sine of 
the same angle to 4, calling the base 4, and the perpendicular 
3; and 4X4=16; also, 3X3=9; and 4X3=12, twice the 
area. 

n2 : 16 : : 432 : 576,/s/576=24 , Base of Area, ) 
Then, as { 12 : 9 : : 432 : 324,^324=18, Perpendicular > S 
(V(^X24-f-18xi8)=30, Hypothenuse, j^ 
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5. There are two odumns in the ruins of P^sepolis, left 
standing upright ; one is 70 feet above the plane, and the other 
50 ft.; in a straight line between these, stands a statue, 5 feet 
in height ; the head of which is 100 feet from the sumoait of 
the higher, and 80 feet from the top of the lower column.. Re- 
quired, the distance between the tops of the two columns. 

• 100X100,-70—5X70—6=5775: ^5775=75.99342. 
80 X 80,-50— 5 X 50^- 5=4375 ; ^^375=66. 143782. 

75.99342 -f 66.143782|2= 20202.984192388804. 

70—50=^20; 20x20=400. 

V^(20202.984 192388804+400)= 143.5373396, feet, Ans. 

6. Admit 10 hhds. of w&ter are discharged through a leaden 
pipe, of 2^ inches diameter, in a certain time. What must be 
the diameter of another pipe that shall discharge four times as 
much in the same time t 

• 2ix2J=6J^; 6^=6.25, and 4 is the given proportion. 
6.25X4=25; then, \/25e=:5 inches, Ans. 

7. Two wheels of unequal dimensions, made fast to an axle 
11 feet long, are set to rolling on an even plain ;^ the path de- 
scribed by the less wheel, encloses just 314.16 square rods; 
and the less wheel is 5 feet in diameter. Required, the diam- 
eter of the greater. 

• V(314.16-^.7854)=20,X 16^=^30 feet, diameter of the 
314.16 square rods; 11X2=22. 

Then, 330-|-22=352 feet, diameter of the circle formed by 
the rolling of the large wheel. 

Then, as 330 feet : 5 feet : : 352 feet : 5^ feet, diameter of 
the greater wheel, Ans. 

8. In turning a chaise within a ring of a certain diameter, I 
observed the outer wheel to make two turns, and the inner 
wheel to make but one ; both wheels were four feet high.. If 
both were fixed to an axle 5' feet asunder^ what was the cir- 
cumference described by the outer wheel ? 

• fiy the question, the outer ring must be twice the diame- 
ter of the inner ring. The distance between the rings being 
5 feet, it follows that the diameter of the inner ring will be 10 
feet, and the diameter of the outer ring 20 feet. 

Then, if 1 13 : 355 : : 20 : 62.83, &c. feet, Ans. 

9. An orchard of 2400 mulberry trees were arranged that the 
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length was to the breadth as 3 to 3 ; and the distance of each 
tree one from the .other, 7 yards. . Required, the number in 
length and breadth, and the square yards of ground occupied. 

♦Rule.— As 2:3: :2400: 3600; ^^600=60 trees in 
length. 

As 3 : 2 : : 2400 : 1600 ; \/1j600=40 trees in breadth. ' 
And, 60-rrl^X7=413 ; also, 40— 1,X7=273. 
Then, 413x273=112749, square yards occupied. . 

10. Three men are to carry a stick of timber 12 feet long, 
and of equal size from epd to end; one man is to carry the 
hind end, and two are to carry the forwai'd end with a lever. 
How far from the forward end must the lever be placed^ that 
each man may sustain an equal portion • of the- weight ? 

* Two men sustain twice as much, if near the forward end, 
as the' man at the hind end ; therefore, the two should be 
twice as near the centre ; consequently, 3 feet, Ans. Hence, 
if a stick 16 feet long was to be carried hy five men, four men 
forward and one behind, the forward men must be one-fourth 
as far from the centre, viz., 6 feet. 

11. Suppose a pole to stand on a horizontal plane, 75 feet 
in height above the surface, at what height from the ground 
must it be cut off, so that its top may fall on a point 55 feet 
from the bottom of the pole, the endj where it was cut off, rest- 
ing on the upright part? 

* Rule.— 75X75,— 55X55,-^75x2==17i feet, Ans. 

12. A pole, 80 feet long, and perpendicular to a level plane, 
was broken off; the top of the broken part touching the plane, 
the other end resting on the stump, the parts making an angle 
of 37 degrees withthe horizon. What is the height of Uie 
stump? 

* The natural sine of 90°— 37*=.7986355 ; and the natu- 
ral sine of 90°=1. 

Then, as 1.798635$ : 80 : : .798632^:35.521238, &c. feet, 
Ans. 

N.B.— The numbers just used as the representatives of the 
number of degrees mentioned in the. question, may be found 
in Mathematical Tables, constructed for the purpose of mak- 
ing calculations by the represents^tives of the i^iven numbers. 
Those tables belong to another work. 
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13. A trardfcd N. 8 mileB an hoar, and B, £.6 mileB 
an hour. Required their distance aaand^ in each. hour. 

•iH/8X8,+6X^=10maea inonehour.; iax^rz^O miles 
in two hours, &.c. Ans. 

14. Suppose a ship to sail from lat. 43° N. between N., and 
E., till her departure from the meridiaii be 45 leagues, and the 
sum of ^er distance and difftarenoe of lat to be 135 leagues. 
I demand her distance sailed and latitude come to ? 

♦135X135,— 45X46,H-135X^^60 leagues, and «0X3 
equal 180 railed, which is equal'^ to 3 degrees, difSerence of 
ladtude ; then, 135 — 60=75 leagues, distance sailed. And, 
as the vessel is sailing from the equator, the latitude is in- 
creasing ; therefore, 43°-|-3°=46 degrees N« is the latitude. 

15. ^Twoships, A and B, sail from the samepcfft; A sails 
the first day between S. and E.,^105 miles ; B sails S. 147 
miles the first day, and wishing again to meet A, she shapes 
her course between S. and E. ; A continued the same course 
and both vessels sail alike. At the end of the second day 
they meet. Required the distance and course run by each 
vessel. 

*This is similar to the third question, 105 being the differ- 
ence of the sides, and 147 the difference of the-«egments. 

Then, as 105: 147 : : the di^ance sailed by A, to the lati- 
tude and departure. 

To form the like figure, 105X10§X2,— 147X147==441. 

^/441z=21 ; and 147 +21,-1-2=84, longest side. 

Again, 147—21,-7-2=63, less aside. 

Then, as 21 :84 : : 84 : 420 miles, distance^led by A. 

And, as 21 : 84 : : 63 : 315,+147, distance sailed by B. 

Consequently, A ^iled S. 36° 52' E., 420 miles. 

And B,S. 147 miles, then S. 53^^ 8' E., 315 miles. 

16. From the tc^ of a steeple 165 feet -high, the angle of 
depression of the nearest bank of a river is 11° 15', that of 
the opposite bank is 6° 15'. Required the width of the river. 

*Let S. signify sine^ L. logarithtn, \ 

Then, as S. 11° 15' : L.165 : : radius^ to the distance from 
the top of the steeple to the nearest bank of the river. 

And,' as S. 6° 15' :L.'of the distance last found, so is S. 6° 
(lin5':~6° 150, to the L. of the width of the river, 41. 13 
rods, Ans, 

N. B. TheL. of a given quantity is its represeotative—- 
See '^JFlint^s Survey," pages fron^ 149 throughout ; also, the 
article ** Trigonometry" in the aaiae work. 
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17, At a eertuii point I toc^ the devtlien of a lower, 3^15\ 
then 'measured towards the tower on the angie of depression, 
1l°, 333 feet to a lev^ with the base of the tower ; when I took 
the deration again/^^. Required the height of the tower, 
and the distance from the second place of observation to the 
base ; .also, how nwoh higher was the land at the first place of 
observation, than at the second. 

*ldO''— d''4-7''=16S% an^e opposite the jMe or Ime from 
the first station to the top'of the tower. 

And, I65^4-7**+3° 15'=175° 15'; ISOVl^^"* 16'=4°45', 
the third angle of the first triangle. 

Then, as S. 4^45' :L. 333: :S. ICT 15'.: 715.5 feet, L. of 
the distance from the second station to the top of the tower. 

And, as radius : L. 715.5 : : S. 8° : height of the tower, (99.6 
feet.) 

Also, as radius : L. 715.5 : : co— S. 8^ : distance firom the 
second place of observation to the base, (708.6 feet.) 

Then as S. 10* 15' : L. 715.5 : : S. 165° : 1041 feet nearly, 
the distance from the first station to the top of the tower. 

Lastly, as radius :L. 1041 : :S. 3''15':L. of a number of 
feet to be sttbtracted from the height of the tower, the remain- 
der will , be the difference in the height of land, (40.58 feet) 

18. Two persons mad^ observations on the altitude of a me- 
teor, both being on the same side of it, and in a vertical plane 
passing through it. The distance between their stations was 
200 rods, and at one, the angle pfelevation was, 36** 25', at^ the 
other, 32*^ 50', and at the last station, the disk ofthe meteor 8u\> 
tended an angle of 5'. Required the distance frpm the last 
station, also its height and diameter. 

♦i. 180°— 36° 25'=143° 35', angle formed by -the staticmary 
distance and line fron^ the second station to the meteor. 

II. 143°35'-f 32°50' =.176° 25' ; 180°— 176°25' = 3° 36^, 
third angle of the first triangle. 

m. As S. 3°32' : t. 200: : S. 32°5e' : L. of th» distance re- 
quired, (5 M. 3a. 60 R.) 

nr. 180°— 2'=:i79°58',~.3=:89°59'. Then, by N^unU 
Shies, (for greater aecnracy.) 

As S. 89° 59" : 1990 rods (the distance) : : S. 2', to the di- 
ameter of the meteor, (45fl, 5 Jin.) 

V. Its height is 3 M. 70 R. and by a litde attention to the pre« 
ceding parts of the sc^ution, the method for obtaining it will be 
very obvious. 
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19. An.Etiptieal Gardea^^^ontains 160 square rods. Re- 
quired the dimensions of another garden of the same or -Hke 
proportion, containing half an acre ; the transTerse diameter of 
the smaller garden to be the same as the conjugate diameter of 
the larger gjirden. ^ ^ ' 

*Th§ ratio of the conjugate to the transverse H as 1 to 
1.4142. 

Then, A/80'^lAH2X7S5iz=iSAS&&f conjugate diameter. 

And, 8.4868X1.4142=12.00209256, trani^Terse diameter. 

'20. A circular garden containing one acre, -one-quarter, and 
one rodj has a gravelled walk on the outer side of it within 
the circle, that takes up twelve rods of ground. Required its 
diameter and the width of the walk. 

*tt/Its arca^.7854=about 16 rods, diameter of the gar- 
den. , ' 

And 201—12=189; \/189X,7854=drameter of the en- 
closed circle, ^hich subtracted from the diameter of the gar- 
den, and*half the sym taken, leaves the width of the walk, 4 
feet, Ans. 

21. A frustum of a pyramid 50 feet high, is 12 inches square 
at the base, and 2 inches square at its. top, and I wish t(> take 
off from the top end, seven-two-hundred and fifteenths of its 
whole area ; at what height from the bottom must it be cut 1 

*i. It may be seen that^ither of its four sides is an iso^eles tri- 
angle, and a given portion of its whole area is to be taken off 
by a line parallel to its base ; therefore, first,- complete the 
height of the frustum, thus : ^ 

As 12in.— 2ili. : 50fl. : : 12in. r60 ff^et, height of the 'pyr 
amid, 

11. Obtain the diagonal of the surface of th& base, half of 
which square and add to the square of^the perpendicular, ex- 
tract the square root of this sum^ the root is a side of either of 
the four triangles. 

lu. See Principles 21 and 31, (BniNcn'XEs assumed, Men- 
suration) ; therefore, as the area of one of the triangles is to 
the square of its sides, so is theare^of the part to i>e taken 
off to the square of the sides that contains it. By a due con- 
sideration of the preceding, it is presumed that further explan- 
ation is entirely unnecessary. 

N. B. — ^The last example involves a principle which has 
oflen perplexed both teacher and scholar, failing to obtain cor- 
rect results by operating on wrong principles. 
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22. A square pyramid^ •ich side of wkcNie base is 30 inches, 
and perpendicular height 120 inches, is to be divided by sec- 
tions parallel to its base into three equal parts. Required the 
perpendicular height of each part. 

*Its content is 360000 solid inches, f of Which is 9400 and i 

equal 12000 solid inches. 

m. QAnftft ."i^5ft|3 . . i 24000 : 1152000 I .. ^ ^„, 

Then, as 36000 : 120| : : ^ ^^OOO : 576000 f ^ 

root of each respectively, being 104.8, and 83.2. 

Then, 120 less 104.8z=15.2, length of the thickest part. 
And 104.8—83.2=21.6, length of the middle part; conse- 
quently, 83.2 inches is the length of the top part. 

23. A eoopet having a cask 40 inches long and 32 inches at 
the bung diameter, is ordered to make another cask of the 
game shape, but which shall hold just twice as much. What 
will be the bung diameter and length of the new cask ? 

♦V(40X40X40X2)=53.3 &c. inches, itslengtl^, > «• 
\/(32X32X22x2)=40.3 &c. inches, ite diameter, J 4 

24. There is a box 4 feet wide, 4 fbet high, and 4 feet long. 
What is the side of another box of the same shape that will 
contain i of the quantity ? 

*4x4x4,~-8=8, and W^='^y Ans. 2 feet. Hence we 
learn that the capacity, properties, &;c. of solids are as the 
cubes of those properties. 

25. A, B and € join to buy a grindstone of 30 inches diam- 
eter, which cost $3J, and towards which A paid f 1^, B^ of 
ks cost, and C the remainder. The waste hole for the spin- 
dle was five inches square. To what diameter ought the stone 
to be worn, when B and C severally begin to grind with it 
allowing for the spindle, and A first grinding down his share, 
next B, and then C ? 

*$l^z=:^ ; ^=$1^ ; C's share to pay is 83J cents. 
. Thus,^-f^=ift=:f , t— i=i=:^, C's ^5X5X2=7^, 
diameter of a circle that will circumscribe a 5 inch square. 
"^AX 7^X11,-^14=39.285, area of that circle whose diam- 
eter is 7^3^ inches. 

Area of its side is its diameter, 36x36 X. 7854= 1017.8784. 

\/(1017.8784— 1017.87847 X7 -7-20, + 39.285X7-7-20) 
is 29.324 inches in diameter when B begins to work, Ans. 1. 

And, (v'1017.8784— 1017.8784X3-7-4,-t-39.285 X3~4) 
is equal to 19.013 &c. inches, diameter when C. begins to 
work, Ans. 2. 

M 
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26. For a job a tinker appeared in a nettle, 
So I asked him to make a flat-bottomed kettle ; 
Let the top and the bottom diametera be, 
In jost snch proportion as five is to three ; 
Twelve inches in depth I proposed and no more ; 
And to hold in ale gallons seven less than a score. 

Required the diameters. 

*RuLE. 1. — ^Reduce the given numbers of gallons to cubic 
inches. 

2. Multiply the numbers together, which express the pro- 
portion of the diameters^ and to three times their product add 
the square of the difference of those numbers ; then multiply 
this sum by .7854, and the product by i of the depth. 

3. Divide the number of cubic inches which the vessel is 
to hold by the last product, and extract the square root of the 
quotient. 

4. Multiply this square root by each of the numbers expres- 
sing the proportion of the diameters, separately, and the pro- 
ducts wiU be the diameters required, viz, 24.40, &c. inches, 
larger diameter ; and 14.64, &c. inches, smaller diameter. 

27. The diameter is required of a circular aperture at the 
bottom of a cistern, whose depth is 10 feet and length and 
breadth each 20 feet, that will empty it when full of water in 
15 minutes ? 

♦\/10zi:3.162,X2.065=6.52, cubic feet discharged through 
a square inch hole in one minute, if kept full, which would 
be double the quantity of water that it will, if it empties it- 
self in the same time. (See Enfield! s Philosophy and Ree^s 
Cyc, Art, Water,) 

Therefore, its content, 4000x2,-^6.52=1230 minutes, 
time in which 8000 feet will be discharged through an aper- 
ture an inch square, if the cistern be kept full, and it empties 
itself in the same time, through the same aperture. And, in- 
versely, as 1230min. : 1 inch : : 15min. : 82 inches, area of the 
required diameter; hence, \/82X.7854=10.l2in., Ans. 

28. Given, the area of a triangular field equal to 8 acres and 
2 rods. Required, the triangle when the area of the greatest 
inscribed circle is equal to half the field. 

 This question belongs to the indeterminate analysis. As 
it is not limited to any particular triangle, I shall give the so- 
lution which belongs to the right angle. 

The area in rods, 1282-T-2,-r.7854, and the square root of 
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the last quotient, equal to 28.568,-7-2=14.284, radiiis of the 
inscribed circle. 

Then, 1282—14.284x14.284= 1077.967344. 

1077.967344, -^ 14.284=75.466. 

\/(75.466x75.466,— 1282X4)=23.814. 

75.466+23.814,-~2=49.64,-f 14.284 = 63.924, the base. 

75.466—23.814, -f-2=51.652,+ 14.284=40.11, required 
perpendicular. From these obtain the Hypothenuse at pleas- 
ure. 

29. Required each side separately, and the area in acres of 
a triangular field ; the sum of the three sides of which is 250 
rods, and their product 549486. 

*This is a question of indeterminate analysis. I find by trial 
that one of the sides of the triangle is between 60 and 65, but 
there is no number between these two which is a measure of 
549486, except 63 ; I therefore assume 63, as one of the sides. 

Then, 549486-7-63=8722, and 250—63=187. 

Then, >v/(187X 187,— 8722 X4)=9, and 187+9,-1-2=98 
another of the sides. And, 187 — ^9,-7-2i=89, the other side. 
Hence 17 acres 24 rods, &c., Area. 

30. There is a section of a tree 25 inches over ; I demand 
the difference of the inscribed and circumscribed squares, 
and how far they differ from its area. 

*25X25,— 12.5X12.5X2=312.5 inches, difference of the 
squares. 25X25,-25 X25X 11,-7-14=134.125 inches, the 
circumscribed square, in area more than the section. 

25X25Xll,-^14,— 12.5X12.5X2 = 178.375 inches, the 
inscribed square, less than the area of the section. 

31 . A certain lady, the mother of three daughters, has a farm 
of 785f acres, in a circular form, with her dwelling house in 
the centre. Being desirous of having her daughters settled 
near her, she gave to them three equal parcels, as large as 
could be enclosed in three equal circles, included within the 
periphery of her farm, one to each, with a dwelling house in 
the centre of each. How many acres did the farm of each 
daughter contain ; how many acres did the mother retain ; 
how far apart were the dwelling houses of the daughters ; 
and how far was the dwelling-house of each daughter from 
that of the mother ? * ' . 

*i. The diameter of the lady's farm is 400 rods or 100 four 
rod Chains. And v'(100-7-2X 100-7-2,— 25X25)=43.30127. 
II. Again, 43.30127,-f 50=93.30127. 
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III. As 93.30127 : 50 : : 43.30127 : 23.20508, X2=46.41016 

chains, diameter of either of the daughters' farms, and the dis- 
tance of their houses from each other. 

Explanation. — Half the diameter of the periphery is the ra- 
dius of the chord of 60 degrees ; half the radius is equal to the 
versed sine of half the arch of 120 degrees ; and the square 
root of the difference between the squares of the radius and 
the versed sine, is equal to the sine of half the arch or half 
the chord of 120 degrees. As the sum of the radius and half 
the chord of 120 degrees, is to the radius, so is the said half 
chord to the semi-diameter of a circle inscribed within two 
radii and an arch of 120 degrees of the given circle. 

>v. Chains lOO-r-2,— 46.410l6-^2=26.79492 chains, dis- 
tance of the lady's dwelling house from those of her daughters. 

V. It is presumed that further explanation is whdly unnec- 
essary. 

32. A and B bought a cheese of equal thickness ; its diame- 
ter 20 inches ; they gave $3 for it ; A paid $1.'30 ; Bpaid the 
remainder. It is required to divide it between them by a 
chord line, in proportion to what each one paid. 

•As 3 : .7854 : : 1.30 : .34034, which by the table of the 
areas of circular segments, adapted to a circle whose diameter 
is unity, we find .447545 corresponds to the versed sine of the 
required chord. 

Hence, as 1 : .447545 : : 20 : 8 9509 inches, versed sine of 
the chord. 

Then, radius, 10 less versed sine, 8.9509=casine, 1.0491. 
Lastly, iv/(10X 10,— 1.0491 X 1 .0491)=9.9448, X2;=19.8896 
inches, length of the required chord. 

33. A tract of land containing 100 acres, was purchased by 
A and B for $500, in the payment of which they paid equal 
sums of money. In the divisicxi of it, A, wishing to have his 
share off the side adjoining his own farm, agreed to receive so 
many acres less than one half as would make his part 75 cents 
more per acre than B's. How many acres had each, and what 
was the price per acre 1 

*RuLE 1. — Multiply the whole number of articles, acres, or 
anything else, oy the difference in the two prices of one arti- 
cle, and subtract the product from the whole sum or price of 
the whole. Then divide the remainder by twice the differ- 
eKce in the price of one article, calling this the jSrsf quotient. 
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2. Multiply half the whole sum by the whole number of ar- 
ticles, and divide the product by the difference in the prices of 
one article, calling this the second quotient. 

3. To the square of the first quotient add the second quo- 
tient, and extract the square root of the sum ; and from the 
square root' subtract the first quotient, and you will have the 
share of one, or the larger share. 

Subtract this share from the whole number of articles, and 
you will have the share of the other, or the smaller share. 

OPERATION. 

500-.100X .75,-i-.75X 2=288.333, first quotient. 
And 500-7-2x100,-^.75=33333.3333, second quotient. 

\/(283.33|2 -f 33333.3333) = 337.06, —283.33 = 53.73 

acres, B's share. 

And 100—53.73=46.27 acres, A's share; consequently, 
$5.40, A's per acre, and $4.65 B'e. 

34. A merchant tailor bought 40 yards of cloth 2|- yards 
wide, but being wet it shrunk in length upon every 5 yards ^ 
of a yard, and in width 1 naU on every yard. To line this 
cloth he bought baize 5 quarters wide, which being made wet, 
did shrink the whole width on every 20 yards in length, and in 
width it shrunk half a nail. Required the number of yards of 
baize, used in lining this cMh. 

*If 4yds. : 2n. : : 40ydfl. : 1yd. Iqr. 

And, yds. 40 — 1yd. lqr.=38yds. 3qrs., length of the cloth 
afler shrinking ; also, 2yds. If n., its width after shrinking. 

Then, 38.75X2.0109375=77.923828125 square yards re- 
mains. 

Again, yds. of baize 20X5qrs.=25yds. before it shrinks, 
and 18.75Xl.21875=22.8515625yds. afler it shrinks. Then, 
if .25 : 22.8515625 : : 77.923828125 : 71.227 &c. yards, Ans. 

35. A, B and C purchase a farm of 95 acres, for $1250, of 
which C takes 12 acres at cost. A advances $400 and B 
$500, agreeing to share the 83 remaining acres in proportion to 
their advance. Required the cost of C's part, the quantity of 
land that A, or B has, and its cost, 

•1250— 500-|-400=$350, C advanced. 
$1250-^95=$13A per acre. 

$lS^Xn=^B7^ ; 350— $157fJ=$192T>9, C has left. 
600+400-{-192A=$1092A A, B and C have left, which 
A and B assume in proportion to their advance. 



188 MENSURATION. 

As 900 : 169^ : : 400 : $485^, cost of A's ]and ; hence, 
36ff acres; consequently, $0064f|, cost of B's land and 
46/^ acres. 

96. The base of the triangle is 54 and the sum of the two 
aides 66. Required the two sides when the angles at the base 
are as 1 to S. 

*Ruh hy symbols, — Let a=60, (half the sumof all the sides 
of the triangle,) n=:33, (half the sum of the two sides,) mz=a 
less ?t,=27d.=54, and x=half the difference of the two un- 
known sides. 

Then, by the principles of Plain Trigonometry, I obtain the 
following equation : 

resolution of which gives zz=14.3519; hence, the sides are 
47.3519 and 18.6481. See principles 12, (Principles As- 
sumed, Mensuration.) 

36. Required the solid contents of the middle zone, or frus- 
tum of a sphere, the axis of which is 12 inches ; the shcHrtest 
perimeter of the frustum being 36.34567419 inches. 

•As 355 : 36.34567419 : : 113-r2 : 5 J84598. 

And, 5.784593, X5.784593=:33.461518 &c. 

Then, V(6X 6— 33.461518 &c.) = 1.59326, X 2=3. 1865 
inches. 

And, 19X12X2,+1 1.569186X5.784598X2=421.840074 

Lastiy, 421. 840074, X. 7854, X 3. 18652,~-3 = 351.917266 
&c. ^cubic inches, Ans. 

37. There is a conical glass, 6 inches high, 5 inches wide 
at the top, and 6 inches deep ; it is -J part filled with water. 
What must be the diameter of a ball, let fall into the water, 
that shall be immersed by it 1 

*i of 5=2.5 ; V(2.5X2.5+6X6)=6.5, length of one side 
,of . the glass. 

Then, call its width at the tq>, A B, half its width, A D, its 
depth, D C, the length of one side, A C, the periphery of the bdl 
touching a point F, on the side A C, D F H G, and its centre, E ; 
fmd draw the figure at pleasure, without any regard to precis- 
ion, observing to let each of the sides and its width touch the 
periphery, D F H G. Because A D E F is a regular figure ; 
and the angles A D E and A F E being equaJ^ each being a 
right angle, and the sides D E and F E, being also equal, 
because they are radii of tfae cirole D F H G, t£e sides A D 
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and A F are also equal. Hence, A C being 6.5 inches, and 
A F 2.5 inches, F C will be 4 inches ; 6.5—2.5=4 inches. 
Then, by similarity of triangles, proceed thus : 

As 6in. : 2.5in. : : 4in. : If, F E. If X2=aj, F G=J^in. 

Then, 5 X5X. 785398X2=39.2699 inches, contents of the 
cone. And, J3<iX^XJ^X.5236= 19.3925 inches, contents 
of the sphere. The content of cone, less that of the sphere, 
equal 19.8774 cubic inches of water that will remain in the 
cone after the sphere is immersed. Since regular solid bodies 
are to each other as cubes of their homologous sides, I say, 

As the quantity of water it requires to immerse the sphere in 
the given cone is to the cube of the diameter of the sphere, so is 
any other quantity of water in the conical glass to the cube of 
the diameter of a sphere that may be immersed in it. Now, the 
quantity of water given to immerse the required sphere is -J of 
the content of the conical glass, being -aa^6A£ =7.85398 &c. 
cubic inches. The cube of the diameter of the given sphere 
being y>X^X^=^^='027in. 

Therefore, as 19.8774in. : .027 : : 7.85398m. : 14.634114529 
&c. inches, the cube root of which is 2.445 ^c. inches, diam^ 
eter of the reqmred sphere, Ans. 

38. A tract of land is to be laid out in the form of an equal 
square, and to be enclosed with a post and rail fence, 5 raill^ 
high, so. that each rod of fence shall contain 10 rails. How 
large must said square be to contain just as many acres 09- 
there are rails that enclose it ? 

♦One mile is 320 rods ; 320x320,-^-160=640 acres ; then, 
320X4X10=12800 rails. 

Then, if 640 : 12800 : : 12800 : 256000 rails ; hence, 20 mile» 
square, Ans. 

39. Required the area of a circular field surrounded by post 
and rail fence ten rails high, each rail being a rod in lengthy, 
and the number of rails equals the number of acres enclosed. 

*It may reasonably be supposed, in this and similar cases, 
that the field consists of as many isoscles triangles a& 
it takes rails to fence it one rail high, because each rail, 
in length helps form the perimeter of a field of more than 60 
miles in circumference, therefore the difference of the arc and 
its chord of a circle of 20 miles or more in diameter, the chord- 
being but a single rod, should be considered as of no value;. 
Hence in this * case the number of triangles is a tenth of the re- 
quired number of rails, or acres. Consequently, each triangle 
equals ten acres, fenced by ten rails. Therefore, 160X 10x2 
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equal 3200 rods, perpendicular of either triangle ; hence, twice 
the hypothenuse is 6400,000048, &c ; accordingly, the area of 
the field is 201062.4 acres. 

40. Required, the length of a thread, winding spirally, once 
round the height of every three feet of a cone, which is 50 
feet in height and 3 feet in diameter at the base. 

*The surface of a cone may be exactly represented on a 
plane. Thus, with the slant height of 
the cone as radius ; say, As the cir- 
cumference of what A B is radius, is 
to 360**, so is the circumference of 
the cone> to the number of degrees 
in the angle CAB. The angle C f|| 

A B being taken equal to the de- 
grees thus obtained, the surface C A 
B will be the surface of the cone 
spread out on a plane. 

The angle CAB being known, I /I 

A C B will also be known, and the 
arc C B being known its chord C B 
is also known. 

C 6, or B m will be the distance be- 
tween the spires or coils. 

Hence, B 6, the spire nearest 
the base, may be easily calculated 
by the usual rules of trigonometry, f^ 

The spire B b may be considered 
as parallel to m a, and m ato n d, 
&c. Hence, 6A:C A: iBbima. 
But b A, aA,d A, &;C. are evident- 
ly in arithmetical progression. 

Hence,' the spires B b,.m a, n d, cCl^^ 
&c., will also be in arithmetical pro- 
gression. 

The first spire B 6, having been 
calculated and the last spire being 
the distance between the spires, 
which will BXiswei practicalpurposes, f f^-*. 

we shall have the extremes and num- ^ I s --**^ 

ber of terms of the progression, to r 
find the sum, which will be theiv^ 
length of the thread required. -S 

N. B. — For precision, instead of ^ 
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taking the difierence between two spires for the last term of 
the series to be summed, the one previous may be calculated, 
the sum taken to that point, and then the distance between two 
successive spires added to the result for the total sum. This 
would be best in all cases, though more laborious, since this 
method would give the true result. t 



PROBLEMS, RULES AND EXAMPLES. 

Prob. I. — The Sum of any two numbers, and their Product 
given, to find the Numbers, 

1. From the square of half the sum, subtract the product, 
extract the square root of the remainder, the root is half their 
difference. 

2. Add this half difference to half the sum ; this sum will be 
the greater number, which subtract from the whole sum, gives 
the less number. 

EiSAMPLlS. 

Required, the dimensions of a parallelogram, containing one 
acre and a half, bounded by 64 rods offence. 

* 64-7-2=32, the sum of one side and one end. 32-f-2±:16. 

-v/Ciex 16,-160+80)1=4; then, 16+4=20, greater num- 
ber ; 16 — 4=zl2 less number. 

Prob. II. — Given, the Difference of two Numbers, and their 
Product, to find each number. 

RULE. 

1. Square the difference of the two numbers, add one fourth 
of the square to the product, and twice the square root of this 
sum is the sum of the two numbers. 

2. Then proceed by the latter clause of the rule to Prob. 

EXAMPLE. 

A man had a field in the form of a paraUelogram, Its 
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length being 40 rods more than the breadth, and the area 
38^ rods. Required, the length and breadth. 

• 40 is the difference, and 3825 the product. Therefore, 
85 rods, length ; and 45 rods, breadth. 

pROB. Hit — Given, the Sum of two Numbers, and the Sum 
of their Cubes, to find each Number. ^ 

RULE. 

1: From the cube of the sum, subtract the sum of the cubes, 
and divide the remainder by three times the sum of the num- 
bers ; the quotient will be the product of the two numbers. 

2. Then proceed by Pros. I. 

pROB. ly. — Criven, the Difference of two Numbers, and the 
Sum of their Squares, to find each number, 

RULE. 

From twice the sum of their squares, subtract the square of 
their difference. The square root of this sum, will be the sum 
of the two numbers. Then proceed by Prob. I. 

EXAMPLE. 

The difference of two numbers is 6, the sum of their squares 
3060. Required, each number. 

* ^(3060X2,— 6X6)=i:78; then, 78~2,+6-t-2=42, one 
number ; 42 — ^=36, the other. 

Prob. V. — Given, the Sum of two Numbers, and the Sum of 
their Squares, to find each Number, 

RULE. 

From the square of the sum, subtract the sum of the squares, 
subtract the remainder from the sum of the squares, and ex- 
tract the square root of this remainder, which will give their 
difference. Then, proceed by Prob. I. 

Prob. VI. — Given, the Sum and Difference of the Squares 
of two Numbers, to find each Number^ 
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RULE. 

From the sum take the difference, and half the remainder is 
the square of the less, which, taken from the sum of the 
squares, will give the square of the greater; the square root of 
each, is each number. 

Prob. VII. — Criven, the Sum of the Squares of two Nunt' 
bers, and the Square of their half Sum, to find each Number. 

RULE. 

From the sum of the squares, take twice the square of the 
half sum, and double the square root of half the remainder 
will be their difference ; the square root of the square of 
their half sum doubled, is the sum of the numbers. Then 
proceed as before directed. 

EXAMPLE. 

The sum of the squares of two numbers is 3161, and the 
square of their half sum is 1560.25. Required, each number. 

* \/(3161,— 156.25x2,-f2)=4.5,X2=9, difference of the 
two numbers. 

Then, V( 156.25=39.5, X 2) =79, sum of the two numbers. 
79—9,-^2=35, less number. 79—35=44, greater num- 
ber. 

Remark on Surveying. — ^The author is not aware, that 
any person but himself has ever discovered the method of ob- 
taining corrected bearings,when local attraction, only, prevents, 
from the taken bearings, which will, upon their application in 
calculating the area, work so correctly, that the sum of the 
northings will equal that of the southings; and the sum of the 
eastings that of the westings, precisely. 

In fact, all authors on surveying treat it as a subject next to 
impossibility, and the difficulty, for want of a practical rule, 
as the surveyor's greatest perplexity. The following article 
obviates the difficulty relating 'to local attraction, and is pre- 
cisely the rule in question ; consequently, it will be of inesti- 
mable value to the practical surveyor. 

The author has the satisfaction of believing, that he labored 
not in vain in bringing this intricate matter to a focus, having 
submitted it to the Literati, and pronounced by them as fully 
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worthy the notice of those aiming at accuracy in surveying. 
Many apologies might be offered for inserting it in this 
work, but the only reason which will be advanced is, it may 
do more good than hurt. 

Pros. VIII. — To cT^punge heal attraction from the hearings 
of a survey. • 

DIBECTIONS. 

1. Take the bearings, .their reverse, and the distances; 
and in noting them, let Att. signify attraction ; B. signify 
bearing; R. B., reverse bearing ; D., distance; Diff., differ- 
ence between the B. and R, 3,; ai]4 £• <^ W. at the right of 
the Diff., signify that the Att, is east or west, 

3. The IKff. of the B. and it» reverse shows how much Att. 
there is. 

3. If the B. is greater than the R. B., the Att. should be 
considered of the same name as the bearing's second letter, 
but it is of an opposite name if the B. is. less than the R. B. 

4. In noting the bearings, their reverse, and the distances, 
note the bearings first, and if S. &c. change them to an op- 
posite name ; note their reverse at the right of the bearings, 
and if S. d2>c. change them to an opposite name ; at the right 
of the reverse bearings note the Diff.; and note the distances 
at the right of the Diff. 

5. Apply that Diff. which immediately follows the B., hav- 
ing the least or no Att to the next following B., and as the 
rule for applying the Att. or Diff. dictates ; and if the next 
I^ff. is of the same name as the first applied Diff. their sum 
should be applied to the next B. to be corrected, but if it is of 
an opposite name, their difference should be applied, and the 
same is to be observed in the application of the Att. of any two 
bearings, calling their difference of the same name as the 
greater Diff.,.9iinding not to apply the last noted Diff.' to the 
fiirst noted B. 

RULE. 

1. If the bearing to be corrected is a N.W. or a S.E. one, 
sand the Att of the former B. is a W. Att., it aliould be added 
to the B to be corrected, but subtracted, if it is a N.£. or a 
S.W. B. 
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2. If the Att. is an E. Att., it should he ad- 
ded to the hearing to be corrected, if it is^a N. 
E. or a S. W. one ;■ subtracted, if a N.W. or a 

Note 1. — ^The preceding shows the E. Att. 
to be equal to the W. Att., which will ever be 
the case, unless an error in the field-work has 
been committed, which may be detected by ob- 
serving this fact, and obviated before leaving 
the field, hence another important advantage. 

Note 2. — ^The following are the preceding 
bearings corrected. 



1. B. S. 64** 30' E. 
2." N.Se^'OO'W. 
3. " " 83^ 00' " 
4." " 56^30'E. 

5. " S. 45° 30' " 



Explanation.— The 
Att. of the first B. is W. 
and the second B. is N. 
W., therefore, the Att. is 
added to it ; the second 
Diff. being E. and less than the first, therefore, 
the Rem. should read W., consequently, be 
added to the next B., because it is a N. W. B. 
and the Att. W. 
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The difference between the first ai\d second 
Diff. and the third DijQT. is added to the fifth 
B., it being aS.E. B. 

Note 3.— The Att. of the first B. was first 
applied, because the E. and W. Att. on the 
third B. was alike, hence it reversed. 

By a perusal of the preceding, it is presumed, 
it may be seen that the rule and directions are 
easy of application to practical purposes. 

(t^ The example here given, is one of ac- 
tual experiment, taken by the author in one of 
the Western States. 
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POSITION. 

qoc[^L|s fos^Tioif.— The rule is founded on the ^uppo^iiioq, 
that the first erifor is to the second as the difference Wwee^ 
the true |nd first supposed number is to the difference between 
the true and second supposed number. When this is not the 
case, Ih^ e3;a^t answef to the questions cannot be (ound bj th^. 

1. Take an; two convenient numbers, and proceed with 
each according to the conditions of the question. Find kow 
muQ^ the result;s are different from the result in tke qiJ^^tion. 
Multiply the first; supposition by the secopd e^jroi;, aijid the se-; 
cond supposition ty the first error. 

The differei^cQ between the result agg^d the given W^ ^ thQ, 

error. 

«■- 

^ l^fthe errors are alike — ^that is, both niore or both less than 
the given sum, divide the diflference of the products by. the dif* 
ferexjiOi^ of the errors. 

3^. If the errbrs are unlike— that is, one larger and one 
smdler than the given sum, divide the sum of the products by 

the suip of the eirprs, 

'-* 

Remarks. — Questions that may be solved by Singh Post' 
tior^f are better solved by analysis. Double Position is given 
here only for the g^.i^tificatipn of the curious. The student may 
be tei^ked to perform the following questions by analysis. 

EXAMPLES. 

1. A i|n4jB have sheets of paper. A said to B, if I had two. 
sheets more, I should have twice and half as much as you. B 
said to A, if I had 4 sheet^ more, I should have half as much as 
you. Required, the numbei; of sheets that each had. 

^ Suppose IQ, then 10+4=14. 
Suppose 30, then 30-|-2=32. 
Then, 32— 14=1 8, /rs^ error. 

Suppose 16, then 16+4=20. Suppose 40, then 40+2=42. 
Then, 42—20=22, second error. 
And, 4OX IS,— 30X22=80. Also, 22—18=4. 
Then, 80-i-4=20 sheets, B had. And 20+4,X2=48 
sheets^ A HlEid. 



pbgttrcfS. 147 

,3. A, B Ui(i p hkv^ dnoiig tli^n 1^ ^inhm A's ()lud 
WaMe io Bis plud C's a^ 5 to 7; C'k tnhim B's to G'l^ filU^ B's 
as 1 to 7. How mluiy had ^ach? 

• Suppose A's + B'^ 50 • theh, as S : 50 : : 7 f tO. 
Arid 70-^7=10, and 70^10,-^8=30, B'§. 
And 30+10=40, C's. 

30— 10=:2d, A's; 20+304-40=i&(]l; A's, B'^tftfdC'^. 

5 hen, as 90 : 135 J : 20 : 30, A's phtt 
nd, ai^ 90 : 135 : :3d :4d, B's plrf. 
Also, as 90 ; 135 : : 40 : 60, Cs pdrf; 
.3. What frafctibri is that, to tlftr fttimetator of WhifelL if 1 be 
added, the va!u6^ will be i * bdt if I b^ iiidd^d tb the cfeiib^tli- 
atbi-, its value \irill be | T 

*^uppo6e I, tlieii|+i=i=±4, but 1^1==^;^, Which should 
be I to be j-; hence the error 2,tooitiuch ; thiis, ^ — , that is, 
marked 2—, to Sigfiifjr 2 more, Hdd the e^rbif been 2 too little, 
it trould have been matked 2-|-> that ^2 le$si for the answers 
to arithmetical questitms, if tdO smdl, 6i fob lalrge, are tlias 
expressed. 

Suppose ^, then |+»=f-r|. But H-if==+i*^<* |, thdlfcforfe, 
the error is 3, too much, 

ThMi / 2X3,-1 xa=: 4,4-3^$^==:i^ niiitrektdr, » a«« 
xnen, ^ 9^3,— 6X2=15,-^3— 2=15, denomia&tbh f ^** 

* * - • 

4. A, B, C and D found a purse of dollars, and each of them 
took a numbet at a venture, aft^i^ards by comparing their 
shares, th^y found that if A took 25 from B, bis number woilld 
be equal to what B had |eft, and if B took 30 from C, his 
number would be three times what C had left, and if C took 
40 from D, his number would be double to what D hsid left, 
and if D took 50 from A, his number would be three times as 
much as A had left, and $5 over. What number had each 7 

* 1. Suppose A hdd 94, theii 94+254-25+30,^3=58. 
58+30+40=128,^2=64,+40=t04,+50=154. 
Then, 94— 50— 44,X3=132; 154—132=22 5 82--5=17. 

first error. 

2. Suppose A iad 106, then 106+25+25+30,-2-3=^2. 
e2+36+40=132,-r-2=66,+40=l66,+50=156. 
then, 106— 50=56,X3=168; 168—156=12; 12+«=i7, 
second error. 

Then, 106XI7,+94XI7,-^17+17=34. 
And 3400-1-34=100 dollars, A had. 
Hence, B huA 150, 90, and D 105. 
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5. A Baid to B and C, give me half of 
jour money, and I shall have $100 ; B 
said to A and C, give me ^ of yours, and I 
shall have $100 ; and C said to A and B, 
give me ^ of yours, and* I shall have $100. 
How much money had each man ? 

* For the solution of the above question, 
see the margin. In the operation, consider 
2+1+1, 1-f 3+1, and 1+1+4, also as 
multiplied and subtracted in each part of 
«ach operation, producing 51,34, and 51 
as the divisors, or in other ^vords, the er- 
rors ; the dividends being the results pro- 
duced from proceeding according to the 
conditions of the question. 

6. A i^aid to B, C and D, give me i of 
your mc^ey, and I shall have $200; B 
said to A, C and D, give me ^ of yours, 
and I shall have $200 ; C said to A, B and 
D, give me j- of yours, and I shall have 
$200 ; D said to A, B and C, give me ^ of 
.yours, and I shall have $200 1 JIow much 
money had each man ? 

• 1. Suppose A had $1 ; then'^B, C and 
D together had $398 ; if j- their's, added 
to A's $1 made $200. And of the $S98, 
B must have $100^, C $133f , and D the 
remainder, $163^. These proportions 
will give $200 for A, and the same for B 
and each ; but A's $1+B's $100j+C'8 
$133f=:235i, to I of which add D's 
share, $163|, and the sum is $210ff , yet 
it should have been $200 ; therefore, the 
error is 10^^ too great. 

2. Suppose A had $2, then B, C and D 
together had $396, and all four of them 
had $398, and of the $896, B must have 
$101, C $134, and.D the remainder,! 161. 
These numbers will give A, B and C's 
shares in the right proportion ; but -J of 
them added to what is left for D, $161, 
makes $208f for D, yet it should have been 
$200 ; hence, the second error is 8f , too 
great. 
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The suppositions and errors willthen siand as 6)liows : — 
For A. ForB. ForC. Foi'D. 



IxrlOif- 



101 A 84 — 



i63txri^H- 



2A. 81"- 101" A. 8|'- 134 A 8f - 161 A 8f - 

As the same errors are used in finding every share, it will 
bfe most convenient to reduce th^m to 15ths, before multiply- 
ing. 

3. It now remains to show how to find 8*s and C's propor- 
tions of the first and second supposed suihs^ ^'399, aha $3^98^ 
for after being found, the most difiicult part of the work is per- 
formed, A's being assumed^ and D's being found by subtracting 
A's, B's and C's from each whole supposed number, viz;, 
$399, and $398. 

4. To find B's part of the $399. Suppose $51 ; from 
399-51,-7-3=116, i of A, C and D's, which plus 51=167; 
then 200—167=33, first error. 

Suppose $90 ; fi-om 399—90,-^-3=103, ^ of A, C and D's, 
which plus 90= 193; then, 200— 193=7, second error. 
These suppositions and errors give $101^ for B. 

5. To find Cs part of the $399. Suppose $83. 

Then, from 399— 83,-^4=79, i of A, B and' D's, which 
plus 83=162 ; then, 200—162=38, first error. 

Suppose $103 ; from 399— 103;~-4=74, i of A, B and D's, 
which plus 103=177; then, 200—177=23, second error. 

These suppositions and errors give $133f for C. 

6. To find D's share of the $399. Subtract A, B arid C# 
from the whole. 

Proceed as in the last two cases to find all the pt6poftiditis'of 
the second supposed number, $398. 

Ans. A had $5^, B $102ff , C $135^, and D $151^. 

7. At a certain time between two and three o'clock, the min- 
ute hand of the clock was between three and four. Within an 
hour after, the hour hand and minute hand had exactly changed' 
places with each other. What was the precise time, when the' 
hands were in the first position ? 

• 1. Suppose the time to be 16 minutes past 2 o'clock, the 
hour hand must have passed ^ of the distance from 2 o'clock 
to 3 o'clock ; and if the minute hand was in the place of the 
hour hand, it would be 11m. 20 sec. from 12 o'clock ; arid if 
the hour hand was in the place of the minute hand, it would be 
12 minutes past 3 o'clock. 



ISO MISCELLANIES. 

The difference between 12 m. and 11 m. 20 sec, iu 40 
seconds. 

Therefore, let 40 sec. be the first error. 

2. Suppose the time to be 18 minutes past two o'clock ; the 
hour hand, at that time, has passed ^f of the distance from 2 
o'clock to 3 o'clock ,* and if the minute hand was in the place 
of the hour hand, it would be 11 m. 20 sec. frcnn 12 o'clock. 
And if the hour hand was in the place of the minute hand, the 
time would be 36 minutes past 3 o'clock. 

The difference between 36 m. and 11 m. 30 sec. is 24 m, 
30 sec, being 1470 seconds. 

Let this be the second error. • 

3. 1470X16,— 40Xl8,-rl470— 40=15 m. 56^ seconds 
past 2 o'clock, Anij^ 
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Remarks. — Besides the remarks on Proportionals and Per- 
centage Proportionals, it may not be amiss to observe, that, the 
same said of them is also applicable to this division and the 
Promiscyous Questions in Mensuration, and it may be said of 
these ffstur dii'isions, that, the operations of their questions, 
though the ^otnmon method of solving such, are to be con- 
sidered bvk ilm outlines or notes of their thorough analysis, of 
which .the questions are the texts acting as exercises; conse- 
quently, pupih and the teacher should go hand in hand in giv- 
ing the anflUysis; and from this course, one may judge the re^ 
suit. 

. EXAMPLES. 

1. A lady purchased a piece of silk frocking, at 80 cents 
per yard, and lining for it, at 30 cents per yard ; the frock and 
lining contained 15 yards, and the price of the whole was $7,00. 
How many yards were there of each ? 

* $7-^15=46f cents, average price per yard. 

80_46f=33i; 46f--30=:l6f ; hence, it is evident, that 
the quantity of lining will be to that of the silk as 33J to 16f , 
that is, the quantity of lining will be double the quantity of silk. 
Hence^ 14> jMirds of lining, and 5 yards of silk. 
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2. A and B bought a quantity of calico for $30,59. A paid 
15 cents per yard for his, and the price per yard of B's was equal 
to if of the whole number of yards. Required, the price of B's 
per yard. 

V(3059X2-T-7+15-^14)— 61; then, 61— 15,-^2=23 

cents, Ans. 

Questions of this nature admit of an infinite number of an- 
swers, one as correct as the other. 

3. A party of lively young gentlemen and ladies, going into 
the country on a tour of pleasure, had a bill of $24,99 to pay, 
pa^t of which the funny females insisted on discharging; hence, 
it was agreed that each gentleman should pay $1,17 cents of 
this expense, and each lady 34 cents. What number of each 
sex was there ? 

* Rule. — ^Divide the amount to be paid by one of the re* 
i^ective shares, or some multiple of it, till the remainder be- 
comes divisible by the other. Ans., 17 gentlemen, and 15 
ladies. 

4. A man was hired 50 days on these conditions that; for ev- 
ery day he wrought he was to have 75 cents, and for every day 
he was idle he was to forfeit 25 cjents. How many days was 
he idle, if he received $27.50 at the end of the time? 

*Had he worked every day, his wages would hav« been 
$37.50, $10 more than he received ; but every day he was 
idle lessened the $37.50 just 75 cents plus 25 cents, $1.00 ; 
therefore, he was idle 10 days. 

5. A and B have the same income. A saves an eighth of his; 
^ B spending $30 yearly more than A, finds himself $40 in debt 
* at the end of 8 years. Required their income and what each 

spends per, annum. 

*$40-^8=:$5 yearly, more than his income, $30— 5=$25, 
what A saves yearly ; hence, $25==^ of either's income ; con- 
sequently $200 .their income. 

6. The head of a fish weighs 41bs., its tail weighs as much as 
its head and half of its body, and its body weighs as much as 
head and tail. Required the weight of the fish. 

*The head and tail weigh 81bs. and ^ of the body, and as the 
body weighs as much as the head and tail, it is evident that 
81bs. is i of the required weights 

Hence, its tail weighs 4 lbs. plus 81bs.€qual 121bs. 

Lastly, 4-f 12-fl6=321bs., weight of the fish, Ans. 
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7. A man when he was married was 3 times as old as his 
wife ; 15 years after, he was but twice the age of his lady. At 
what age was each married ? 

* When they were married her age was 1 year to his 3 years ; 
in 15 years his age was 2 to her 1, that is, 15 years doubled her 
age, and his was f what it was ; hence, he was 45 and the lady 
15 years of age. 

8. In a mixture of wine and cider, i of the whole plus 25 
gallons is wine, and ^ part less 5 gallons is cider. How many 
gallons of each kind in this mixture t 

• J-f i=:^ J in all. Therefore, 25— 5=20=^ of the requir- 
ed quantity ; hence, 120 gallons in all. Consequently, 85 
gallons is wine, and 35 gallons is cider. 

9. A man bought some lemons at 2 cents each, and f as 
many at 3 cents each, and then sold them all at the rate of 5 
cents for 2, and thus gained 25 ctots. How many lemons did 
he buy? 

*He bought 4 at 2 cents each, as often as he bought 3 at 3 
cents each, therefore he gave 17 cents for every 7 lemons, at 
2f cents each, but sold them at 2j- cents each. 

Then, 2]J — 2^ = -jJ^ of a cent gained on one, consequently 
25 cents gained on 350 lemions, Ans. 

10. The stock of a cotton manufactory is divided into 32 
shares, and owned equally by 8 persons, A, B, C, dDC. A sells 
3 of his shares to a ninth person, who thus becomes a member 
of the company, and B sells 2 of his shares to the company, 
who pay for them from the common stock. After this, what 
proportion of the whole stock does A own ? 

•Each one owns -^ of the whole, and A reserved but -^ of 
his, and2ofB's shares being taken up by the company, hence 
only 30 shares in all, consequently A owns -^ of the whole. 

11. A lady has two silver cups of unequal weight with but 
one cover. The first cup weighs 12oz. If the first cup be 
covered, it will weigh twice as much as the second ; but if the 
second cup be covered, it will weigh three times as much as 
the first. What is the weight of the cover and of the second 
cup 1 

♦First cup, oz. 12X3, second cup and cover, viz. 26oz. ; 
hence, both cups and cover 48oz., its f =32oz., first cup 
and cover, for either cup covered are to each other as 2 to 
3 ; then, 48—32=1602., seccMid cup, and 48,-16+12=28 
oz., cover. 
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12. A general disposing his army into a square, found he 
had 231 over and above ; but increasing each side with one 
soldier, he wanted 44 to fill up the square. Of how many men 
did his army consist ? 

•231+44+1,-^2=138; then, 138X138,-44=19000 
men, Ans. 

The 1 is added because the soldier standing in the comer 
of the square is counted twice. 

13. A military officer drew up his soldierC^in rank and file, 
having the number in rank and file equal ; on being reinforc- 
ed witii three times his first number of men, he placed them all 
in the same form, and tlien the number in rank and file was 
double what it was at first ; he was again reinforced with three 
times his whole number of men, and after placing the whole in 
the same form as before, his number in rank and file was 40 
men each. How many men had he at first ? 

*His first number call 1 ; his first reinforcement is 3, and 
second 12 ; therefore, 40x40,-7-1+3+12=100 men, number 
at first, Ans. 

Or, f X3,+f=f,x3,+|=¥- 

Then, 40X40X2, -t-32=100 men, Ans. 

14. A fdlow said that when he counted his plums two by 
two, threrf by three, four by four, five by five, and six by six, 
there was still an odd one ; but when he counted them seven 
by seven they came out even. How many had he ? 

♦Thus, 2x3X4X5X6+1=721, Ans. 

15. A paid $100 for 100 animals, consisting of oxen, sheep, 
and geese, paying $10 for an ox, $1 fi>r a »heep, and a shil- 
ling for a goose, respectively. How many of each did he buy ? 

•First, 6 1 ^1 gj ^^^;^ I Then, 100-^4+5=41 sheep. 

16. How much wine at 4s. 6d. and at 53. per gallon must be 
mixed with 6 gallons at 4s. and 6 gallons at 3s. per gallon, 
that the mixture may be worth 4s. 6d. per gallon 1 

•Limited, / 6gls. at 4s.=24 \ 
dimples, ( 6 * ' at 36. = 18 | 

12 .... . )42=3s. 6d., rate of the limited 
simples. 

42- 
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Then, 4s. 4d.=52 ^54—1 

(60 

And. as lo: { }«} : ;12: { \l^,tt'''}^^ ««•'- 
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Note. — ^Thesum of the several fractions isS^ffl^. 

18. Gowes D $1400, to be paid in 3 months; but D being 
in want of money, G pays him at the expiration of 2 months, 
$1000 ; how much longer than 3 months ought G, in equity, to 
defer the payment of the remainder 7 

*Interest of $1000 for oiie mbAtb iti $5 ; fa^nce, tiffed $400 
should be kept till it amounts $405, and $400 ^1 ^atin $24 
iirterest in 12 months. 

Therefore, as $24 : 12iti. : : $5 :2| mbnths, Ans. 

Remark. — Strict justice, in equation of payments, demands 
that interest should be paid on all sums, from the time they 
become due, until the titde of payment ; and the present worth 
of all sums, paid before they are due. But a different, though 
incorrect, rule is generally adopted for this purpose, as also is 
the case with a great portion of the rules in a common arith- 
metic. 

19. If Paris, in France, be in 2° ^' east longitude from 
Greenwich,. in England, and Hallowell in 69^ 42' west longi- 
tude from Greenwich ; when it is noon at Paris, what time of 
day is it at Hallowell ? 

♦If r : 4m. : : 09^ 42'-t-2^ 20' : 4h. 48gec. 8"' ; then, 12h. 
Iess4h. 48sec. 8'" gives 7h. llm. 5!2b. in the morning, Ans. 

20. If a meteor appears so high in the heavens aa to be visible 
at Boston, 7V 9^, alt the city of Washington, 7T 43', and at 



thf^ Saa4iif iclf Itilands, 155^ ^. longjtade, upid (kat its fippea? « 
anceat the city of Washington be at 7 miniites past 9 o'clock 
in th^ eveiiipg ; what will be the hour and minute of it9 ap- 
pearance at Boston and at the Sandwich Islands ? v 

*If at the place easterly of another the Sun appears sooner 
than at the place westerly, it follows^ that when it is 12 o'clock 
^t the place easterly, it is but 11 o'clock at a place 15° westerly^ 
sinpe the earth's motion is easterly 15** per hour. The/efore, 
at Boston it is Itxter in the evening than at Washington, and 
consequently it is earlier in the evening ftt the Sandwich Isl- 
ands, than 7 minutes past 9 o'clock. And the diflferenca of 
longitude of either two of the places^, reduced to time, is their 
difference of time, which difference add to the given time, if 
the longitude of the requijced \Xn^ b§ east, bi^t a^b|.i[a^t it, if it 
be west 

Then,77?4*— 7r3',X4=27m^ 40«,,+«l^. Ti»>, ijdwchis, 
9h. 34m. 40s., tim^ in the evening at Bo^toa. 

Again, 155°— 77,° 43',X4=5h. Sta?. 8s,, which taken from, 
Qh. 7m.=3h* 5791* 5$2s. tii^ot in. the afierQPQ9, at the 3aiidwich; 
](sl!aads. 

21. A family of 10 persons took a large house for ^ of » 
year, for which they agreed to pay $500 for that time. At 
the end of 14 weeks, they took in 4 new lodgers ; and after 
3 weeks, 4 more ; and so on at the end of every 3; weeks, dur- 
ipg the term, they took in 4 more. How much rent must one 
of each class pay ? 

•At the beginning of the last three weeks, the family amount- 
ed to 26 persons, it being but 10 at first, for the 14 first weeks, 
increasing by 4 persons every 3 weeks; therefore, first find 
the rent of the house for 14 weeks, and divide it among the 
first 10 lodgers ; then find the rent for 3 weeks, and divide it 
first among 14 lodgers, then 18, &c., to the end of the time. 
Or, 

Thus, find a middle term for each of the several proportion^ 
al statements, by dividing the rent, severally, by 26, 22, 18, 14^ 
and the first 10 ; then Use 26 weeks, half a year, for the first . 
term in each statement, and 3, 3, 3, 3, and 14 weeks, several* 
ly, for the third terms. 

Thus, 26 : 500 : : 3 : $57.692ti^, -t-26= $2,218^^1, each 
of 5th class should pay. 

Then, 26 : 500,-^-22 : : 3 : «2.622iff ,+$2.218i|f , one of 
4th class. 

And, 26:500: :, -7-18: :3; differpnce between one of 
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4th and one 9d class, which plus one of 4th class givesr- 
$SM6im, one of 3d class. 

The same of the remaining classes, which gives the 2d class 
$12,167^1 JfJ each, and the Ist class $39,090^1^* each to 
pay. 

22. If 12 oxen graze off 3^ acres of grass in 4 weeks ; and 
21 oxen graze off 10 acres in 9 weeks; how many oxen would 
it require to graze off24 acres in 18 weeks; the grass being 
at first equal on every acre, and growing uniformly 1 

•lfi2ox.:4W.: :3^A. > Q , ^-^ 

18W 'lOA I -S ®*®° t^g'*^^ <^" t" acres m 
18 weeks, supposing the grass twt to grow. ' 

By the question, 21 oxen graze off 10 acres of grass in 9 
weeks, on account of its growing ; whereas, by the work, if 
the grass had not grown, 16 oxen would have grazed it off in 
the same time, because 8 oxen 18 weeks, is the same as 16 
oxen 9 weeks. Therefore, it is evident, the growth of grass 
on 10 acres, for the excess of 9 weeks more than 4 weeks^ 
will feed the excess of 21 oxen more than 16 oxen for 9 weeks, 
that is, 5 oxen for 9 weeks ; or, which is the same thing, 2.5 
oxen 18 weeks. 

Again, if 9W. less 4W. :2.5ox. : : 18W. less 4W. : 7 oxen. 

Hence, the growth of the grass on 10 acres during 18 weeks 
is grazed off by 7 oxen, and 8 oxen will graze off the grass 
at first standing on 10 acres ; consequently, 15 oxen would 
graze off 10 acres, growth and all, in 18 weeks. 

Lastly, as lOA. : 15ox. : :24A. : 36 oxen, Ans. 

N. B. — The preceding question, it is believed, was first pro- 
posed by Sir Isaac Newton ; it may be found in Emerson's 
third part on Arithmetic, the quantities being such as to ren* 
der a solution difficult on account of the fractions which would 
occur, that is its greatest merit in his work, if obscuring such 
questions deserve merit. A prize^ it is said, of $50 was award- 
ed for its most **lucid analytical solution,** presented by James 
Robinson, Principal of the Department of Arithmetic, Bow- 
doin School, Boston. 

23. A, in a scuffle, seized on f of a parcel of sugar-plums, 
B caught I of them out of his hands, and C laid hold on -^ 
more ; D ran off with f of what A had left, and the rest E af> 
terwards secured slyly for himself Then A and C jointly fell 
upon B, who, in the conflict, let fall ^ he had, which were 
equally picked up by D and E. 
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B then kicked down C'^ hat, and at it they went anew for 
what it contained ; of which A got ^ ; B ^ ; D f ; and C 
and E equal shares of what was left of that stock. 

D then struck f of what A and B last acquired, out of their 
hands ; they with difficulty recovered |- of it in equal shares 
again, but the other three carried off ^ apiece of the same. 
Upon this, they called a truce, and agreed that the third left 
by A at first should be equally divided among them. How 
much of the prize, after this distribution, had each of the 
competitors ? 

* I. A got f , and B got f of f =^=: J. 

ThenCgotAoff=^=f 

Then, |^-|-|=^, and f — ^=i5, what A had left. D ran 
off with f of i%=:^Qy and£ secured ^ of ^=5^ ; conse- 
quently, A had none left. Hence, at the end of the first heat, 
B had i ; C,|; D, ^ and E, ^VV 

II. B let fall i of ^=1, and had i left. D picked up i of 
i:=-^y and E the same quantity. 

Then D had ^+^=,yjj?;y=i^. 
And E had ^+^=3^^. 

Therefore at the end of the second heat, their shares stood 
thus : B,i; C,^; D,if&; E,TWlr. 

III. A got i of i=2V ; B got i of ^=tV ; and D got f of 
i= A- Theirsum is g^-f^-j-^zz:^, and i — ^=5^^, 
what C had left. Then C foot ^ ofAV=^^, and E took 
the same. B then had |.+^=^ ; fi had 1^^+32^=^. 

And E had i'^^+b^^tV^- Consequently, at the end 
of this engagement, their shares were as follows ; 
A, 2V; B, 1^ ; C, bVV; D, iUl and E,^^^^. 

IV. 2V4-iV==^fc=/Tr> what A and B last acquired. D 
struck out of their hands f of-^=z^Q=z^, 

Then A had ^ of 2V=bV 1®^> and B had ^ of 1^^=^ left. 
They recovered, in equal shares, f of -^^z-^^zz:^^ ; con- 
sequently, A took i of T^=^-s[i^9 and B took as much, that is. 

Then A had ^+yJ^=T^^, and B had ^+ alc -| i=^%> 

Then C, D and E got each -^ of 1^=^^. 

Consequently C had B^+^= i3flo » 

And E, '^j¥^+^=Vj/i^. 

Hence their shares after the fourth heat were^thus : 

A, tHtf; B, ^^; D, Jl^; E,^^^. 

V. After the truce, each was to have -J of i=^ ; conse- 
quently, their shares][stood asTollows : 
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A's share was ^Hu + A= if^ =rf4ttft. 



B's share was ^^ 
C's share was ^gfju 
D's share was jtA 



TS — 1V440 — ^tAo* 
Ta — - 13 4 4 — iXSiS* 



E's share was ,VftSr +^=^^=1^/^- 

The sam of the nameratOTs of the last fractions, is equal 
to the common denominator, and, consequently, is the whole 
number of sugar-plums. Hence the numerators express their 
respective shares. Ans. A had 2863 ; B, 633S ; C, 2438 ; 
D, 10294 ; £, 4950. 

24. A Problem. — Knowing the price for which a thing is 
sold, in which there is as much gained per cent, as the article 
cost, to find the original cost. 

Rule. — Multiply the price or sum sold for by 100, add the 
square of 50 to the product ; from the square root of this sum 
subtract 50, and the remainder will be the first cost. 

Reason. — ^As the rate per cent, is the same as the principal, 
if the first cost or principal be multiplied by the rate, it is the 
same as squaring the principal, which square or product di- 
vided by lOOy must give the interest. 

EXAMPLES. 

1. Sold a piece of cloth for ^£24, and gained as much per 
cent, as the cloth cost me ; what was the price or gain per 
cent. ? 

*vf(24XlOO,-[-50X50)=70,— 50z=^0, its original cost 
or gain per cent. 

2. Sold a piece of cloth for ^56, and gained as much per 
cent, as the cloth cost me ; what was the gain per cent. ? 

•\/(56Xl00,-(-50X50)=90,— 50=40, its cost or gain 
per cent. ; then,40x40,-=-100=:16, the whole gain. 
. Hence, if 40 : 16 : : 100 : 40 per cent., gain. 

Remark. — ^The preceding rule is founded on the principles 
of algebra, as will appear to those acquainted with that science, 
from the algebraic solution here given without letters. 
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I. OF CIRCLES. 



If the diameter of any circle 

. (multiplied). (3.14159) the product). . 

^ \ divided ry \ .31831 ] the quotient ] » ^^e circum- 

ferenc^ ; Or, if it 

, ( multiplied > , ( .886227 Uhe product). . ., ^ 

^ \ divided / ^y \ 1.128370 / the quotient ] « ^*^^ «*^^ ^^ 

an equal square; Or, if it 

. ( multiplied > , C 866024 ) the product ) . . . , . 

^ \ divided } ^y 1 .1547 i the Quotient } ^« ^^ «^^« ^^ "^ 

equilaterial triangle inscribed ; Or, if it 

. f multiplied K ( .707016 ) the product > . ^, ., c 

^ \ divided ] ^^ \ 1.414213 } the quotient } "^ *« ""^« °*^ 

a square inscribed. 

II. Thermometer. III. Shomng the amount qf$l. 



Deg. Feet. 


32 


86.86 


35 


87.49 


40 


88.54 


45 


89.60 


50 


90,66 


55 


91.72 


60 


92.77 


65 


93.82 


70 


94.88 


75 


95.93 


80 


96.99 



Rate. 


HalfYearly. 


Quarterly. 


3 


1.007445 


1.011181 


3.5 


1.008675 


1.013031 


4 


1.009902 


1.014877 


4.5 


1.011126 


1.016720 


5 


1.012348 


1.018559 


5.5 ^ 


1.013567 


1.020395 


6 


1.014781 


1.022257 


6.5 


1.015993 


1.024055 


7 


1.017204 


1.025880 


N.B.— Th 
in obtainii 
rates, and 


16 above may be used as multiplien, 
IK the amount of any sam, at those 
for half yearly or quarterly payments. 
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31 

4 

5 

6 

7 

8 

9 
10 
11 
12 



€9 

OQ 

OQ 



OQ 
OQ 

"a 



Trigon, . . . 
Tetragon, . . 
Pentagon, . . 
Hexagon, . . 
Heptagon,. . 
Octagon, . . . 
Enneagon,. . 
Decagon, . . 
Endecagon,. 
Dodecagon). 



.433013 
1.000000 
1.720477 
2.589076 
3.633959 
4.828427 
6.181827 
7.694209 
8.514250 
9.330125 



Note.— If the 
square of Ja side 
of either figure 
described in this 
Table, be multi- 
plied by the num- 
ber at the right of 
it, the product 
will be its true 
area. 
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V. Of Solids and their Superficies^ viz.: Polyedbons : 

Being five solids contained under equal regular sides, termed 

the Jive regular bodies. 



Names of the Bodies. 


Solidity. 


Superficies.!' 


Tetraedron, 

Hexaedron, 

Octaedron, 

Eicosiedron, 

Dodecaedron, 


0.11785 

1. 

0.4714 

2.181695 

7.663119 


1.73205 

6. 

3.464 

8.66025 

20.6457» 



Note. — ^All like solids being in proportion to one another 
as the cubes of their homologous sides, the solid content of 
any of the bodies named in Table V., may be found by multi- 
plying the cubes of their sides by the numbers in the column 
under Solidity; and their superficies, by multiplying the 
squares of their sides into the numbers under Superficies. 

The Tetraedron — ^Is a triangular pyramid of four equal 
faces, the side of whose base is equal to the slant height of the 
pyramid, from the angles to the vertex. 

The Octaedron — Consists of two quadrangular pyramids, 
of equal bases, joined together, the sides of whose bases are 
equal to the given sides of the triangles, under which it is con- 
tained. 

The Dodecaedron — Consists of twelve pentagonal pyra- 
mids, of equal bases and altitude, whose vertices meet in the 
centre of the dodecaedron. 

• 

The Eicosiedron — Consists of twenty equal triangular 
pyramids, whose vertices all meet in the centre. 
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VI. Shewing the Proportions which the following Solids 
have to the Cube and Cylinder^ having the same Base and 
Altitude. 

Bolid Inches 

1. A Cube, whose side is 12 inches, contains 1728 

2. A Prism, having an equilateral triangle, \ 
whose side is 12 inches for its Base, and its Alti- > 784,24 
tude 12 inches, colitains - . - . j 

3. A Square Pyramid, whose height and the \ 
«ide of Its Base are each 12 inches, is i of the a- > 576 
bove cube, and therefore contains - - J 

4. A Triangular Pyramid, whose height and \ 

side of its Triangular Base are each 12 inches, is > 249,413 
near ^ of the cube, and contains - * J 

5. A Cylinder, whose diameter and height are > |Qr7 17 
each 12 inches,is4jof the above cube, and contains ) ' 

6. A Sphere or Globe, whose axis or diameter \ 

is 12 inches, equal to the side of the cube, is j-f of > 904,78 
it, and contains . - - - - ) 

7. A Cone, whose base and altitude are each 12 \ 

inches, equal to the side of the cube, is ^ of it, > 452,38829 
and contains - ^ - - j 

8. A Parabolic Conoid, whose diameter at the \ 

base, and height are each 12 inches, being ^ its > 678,583 
circumscribing cylinder, contains ". * -^ 

9. A Hyperbolic Conoid, whose height and di- \ 
ameter at the base, are each 12 inches, is -^ of its > 565,49 
circumscribing cylinder, and contains - j 

10. A Parabolic Spindle, whose height and \ 
middle diameter are each 12 inches, is y\^of its > 723,824 
circumscribing cylinder, and contains - - j 

Hence arises a different method of finding their contents. 

General Rule. — If the base of the solid whose content you 
would find, be rectilinear, consider it as a ParaUehpipedon ; if 
curved, as a Cylinder ; and find the content accordingly. Then 
take such a part of the content, thus found, as is specified in 
the preceding Table, which, if the parts be taJcen in inches, will 
be the solid content of the given figure, in inches, which, 
divided by 1728, will give the cubic feet. 
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SUNDRY TABLES. 



Vn. Showing the Specific Gratnties of several solid and fluid 

Bodies, 



METALS. 

Platina, pure, - 19,500 
Platina, hammered, - 21,500 
Gold, pure and cast, - 19,260 
Gold, hammered, - 19,360 
Mercury, - - - - 13,560 
Lead, cast, - - - 11,350 
Silver, pure and cast, 10,470 
Silver, hammered, - 10,510 
Silver, standard, - 10,535 
Copper, cast, - - 
Copper, hammered, - 
Brass, cast, - - - 
Brass, hammered, - • 
Iron, cast, - - - - 
Iron hammered, - - 

Steel, 

Tin, cast, - - - - 
Zinc, cast, - - - - 



STONES, EARTHS, 



8,790 
. 8,890 

8,400 
. 8,500 

- 7,210 
7,790 

. 7,840 
7,300 

- 7,200 

ETC. 

Granite, - - - - 2,700 

Marble, .... 2,700 

Slate, 2,700 

Glass, - - . . . 2,600 

Flint Stone, - - - 2,580 

Paving Stone, - - 2,580 

Freestone, ... 2,500 

Clay, 2,200 

Sand, 1,500 

Anthracite coal, from 1,400 

to 2,000 

Brick, from 1,800 to - 2,000 



Bituminous coal, from 1,100 
to 1,300 



WOODS, ETC. 



Lignum Vitae, . - 1,300 

Ebony 1,200 

Hempen rope, or cable, 1,100 

Mahogany, ... - 1,000 

Boxwood, ... - 1,000 

Shell bark Hickory, 1,000 

White Oak, heart, - ,930 

Ash, ,800 

Rock Maple, ... ,760 

White Pine, - - - ,570 

Charcoal, . - . - ,400 

Cork, ,240 

LIQUIDS, ETC. 

Sulphuric acid, - . 1,840 

Nitric acid, . - . 1,220 

Sea water,. - - - 1,030 

Cow's milk, ... 1,030 

Pure fresh water, . . 1,000 

Whale Oil, - . - ,920 

Tallow, ,920 



Olive Oil,. . . 
Proof spirits, - - 
Alcohol, - - - 

GASES. 

Oxygen gas, - . - 
Carbonic acid gas. 
Common air, . - 
Nitrogen gas, -' - 
Hydrogen gas, - 



,910 

. ,920 

,840 

- ,00134 
,00164 
,00122 

- ,00098 
,00008 



Remarks. — Omit the decimal point, .and the numbers will 
be the Avoirdupois ounces in a cubic foot of each substance, 
which is termed its Absolute Weight, 

The specific gravity of any solid, liquid, or gas, increases 
, with the cold, and diminishes with the heat. Moreover, there 
is always some difference in the specific gravity of several va- 
rieties of the same substance. 
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ARITHMETIC ODDITIES. 

1. 99f=4 nines counting lOt); and n|=4 ones counting 
12. 

2. 35+29=:64,+8-|-7+l, the 9 digits so placed as to 
count 80. 

Q A ^ J Qci ( the 9 figures so placed^ that any three figures 

4. If a body of 40 lbs. weight be divided into 4 such parts, 
that one of which will weigh 1 lb., another 3 lbs., another 9 
lbs., and the other 27 lbs., those several parts may be so used 
as weights to a balance, as to weigh any number of pounds, 
fi'om 1 lb. to 40 lbs.; the ratio being 3, if the body had been 
121 lbs., and it had been required to find the least number of 
weights with the weight of each part, to weigh any number of 
pounds fi'om 1 to 121 lbs., you would only have had to multi-* 
plied the 27 lbs. weight, just mentioned^ by the ratio 3, which 
would have given five weights, viz., 1, 3, 9, 27, 81. 

5. The number 45 may be divided into 4 such parts, that 
if to the first part 2 be added, from the second part 2 be sub- 
tracted, the third multiplied by 2, and the fourth divided by 2, 
the several results will be equal. Ans. The first, 8 ; second, 
12 ; third, 5 ; and the fourth, 20. 

6. A bought 100 animals for $100, giving $10 for oxQp, 
$3 for swine, and 50 cents for sheep. How many of each 
kind did he buy ? 

Ans. 5 oxen, 1 hog, and 94 sheep. 

7. If two of the nine figures be jso placed as to count units 
and tens, and their sum subtracted from them, one figure of the 
result being known and subtracted from the figure 9, discovers 
the other figure of the result. 

Explanation. — ^A asks' B to think of any two figures ; sup- 
pose B thinks of 5 and 3, which would re ad 3 units and 5 tens; 
then B should be required to put the two figures together, that 
is, call them in his own mind 53, and subtract the 5 and 3, 
which makes 8, fi'om the 53, which leaves 45, and mention to 
you either the figure 4 or 5, just as he feels disposed, and the 
one mentioned taken firom the figure 9, discovers the other 
figure. 
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8. A sea captain, on a voyage, had a crew of 30 men, half 
of whom were blacks. Being becalmed on the passage for a 
long time, their provisions began to fail, and the captain be- 
came satisfied that, unless the number of men was greatly di* 
minished, all would perish of hunger before they could reach 
any friendly port. He therefore proposed to the sailors that 
they should stand in a row on deck, and that every ninth man 
should be thrown overboard, until one half of the crew were 
thus destroyed. To this they all agreed. How should they 
stand to save the whites ? ^ ^ 

f Ans. W. W. W. W. B. B. B. B. B. W. W. B. W. W. W. 
B. W. B, B. W. W. B. B. B. W. tiT. BI W. W. B, 

9. A, B and C, with their wives being on a journey, came 
to a river by night which it was necessary to cross. They 
found at the water side a boat, which could carry over but two 
persons at a time. Now, how could these 6 persons pass over 
two and two, so that none of the women should be found in 
company with one or two men, unless her husband were pre- 
sent? 

♦i. Two women went over, and one returned again with the 
boat, and repassed with the third woman. 

II. One of the women went back with the boat, and' stopped 
with her husband, while the other two men went over to their 
wives. 

III. One of the two men, with his wife, again returned with 
the boat, and left his wife and carried the other man over. 
Then all the men and one woman were saf^ over together. 

IV. The woman again left her husband with the other two 
men, and at two trips brought over the other two women, and 
then their navigation ended. 

10. To TELL ANY NuMBER THOUGHT OF. — Desire a person 
to think of any number, say his age. Request him to multiply 
it by three ; then, if the product be an even number, divide it by 
2 ; but if it be an odd number, add 1, and then divide it by 2. 
Let him multiply this quotient by 3 ; and if the product be even, 
divide it by two ; if not, add one, and then divide by 2, as be- 
fore. Desire him to divide the last quotient by 9, and men- 
tion to you the quotient thence arising, regardless of the re- 
mainder. You must multiply this quotient by 4 ; and if you 
added 1 before dividing Uie Jirst time by 2, add one to the 
product ; and if you added one before dividing the second time 
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by two, add two to this product. If the quotient cannot be 
divided by 9, you will add the numbers you added before 
dividing, calling the^r5^ 1, and the second 2, which will pro- 
duce the number thought of. 

11. A and B have an eight gallon cask full of^ cider, and 
wish to divide it equally, but have only two empty vessels to 
do it, one of which will contain five gallons, and the other 
three. How should they proceed ? 

8 gal. cask. 5 gal. cask. 3 gal cask. 



1st. 


8 








2d. 


3 


5 





3d. 


3 


2 


3 


4th. 


6 


2 





6th. 


6 





2 


6th. 


1 


6 


2 


7th. 


1 


4 


3 



Explanation — 1st. The 8 gallon cask has 8 gallons in it, 
and the others are empty. 2d. The 8 gallon cask has 5 gal- 
lons of its contents poured into the 5 gallon cask, which fills 
it, and three gallons still remain in it. '8d. The 8 gallon cask 
still contains 3 gallons, and the 3 gallon cask is filled out of 
the 5 gallon one, and so on through the whole process. 

12. A man owns a calf, which at the end of three years, 
has a female calf, also, one every year after for 20 years. Each 
of these calves, when 3 years old, has a calf, and also their 
calves, when 3 years old &c., to the end of the 20 years. Re- 
quired, the owner's whole stock at the end of the 20 years. 

* The increase is obtained by adding the first number to 
the third, this product to the second &c., throughout. 



Cows, - 


fH fH (J^ 


$ 

'^ 


Heifers, - 


1— < 


fH 


Yearlings 




r^ 

^ 


Calves, - 


fh 1-H CM 




Years, -- 


0*HG^CO'^400r^QDOiOFHC«eO'^i001>QDOi 


o 

0« 



Hence, 406 Cows, 406 Calves, 277 Yearlings, and 189 
Heifers. 
Total, 1278, Ans. 
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13. To phaU a grave of 19 trees, haoing nine row^, with 5 
trees in each row. 

RULE. 

Fint draw a circle, and thereon 

Let three diameters be drawn, 

Which shall divide the whole in sizthf , 

And at each end a dot affix : 

Then from each dot, draw, if you please, 

Two chords, of just six scote degrees ; — 

Then these six lines, with those first three. 

Will show you where the rows must be ; 

For, where your lines shall intersect. 

And at said dots the trees erect. 
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